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. ' Soe ;
}f the oceans of earth should die ... it would be the final as well u‘ft’w
Qreatest (;u'tustrop_hu in the troublous 5!0}‘}/1)[ man and the othu/unimul:a arel’
{ \ plants with 1{)1:()’;): nuan shares this planet. ' , ' ’
) ' ' ' --JACQULES COUSTEAU

. \ ‘ ) ) W
" Cousteau’s warning appropriately summarizes the need ‘t'o include-marine education in our’
curri'culumftoday'. The history of mankind is closcly linked to the ocean. Man has always.,
“been awed by the vast expanse of the sea. It is ironit indeed that such a valuable resource’
has been neglected so long in education. . . "

“Man and the Gulf of Mexico (MGM)" is a marine science curriculum developed for
grades 10-12 with funds from the Mississippi/ Alabama Sea Grant Consortium. The MGM .
materials were specifically designed to meet the need for marine science in all sccondary !
schools of Mississippi and Alabama. _ ' _ :

" The MGM project was a.two'state effort, involving the University of Southern Missis-
sippi, the University of South Alabamiy and the Gulf Coast Research Laboratory in
* .cooperation with the Alabama and Mississi‘pp} State Departments of Education. Similarities
. among the coastal problems of the two states riot only made this an appropriate arrange- o
+ ment, but also heightened the potential for success of the project. Additionally, the educa- -
tional negds for increased dissemination of marine studies in the public schools df thé sister *
states are equally urgent. Perhaps the most significant feature in the development of the:
MGM materials was the cooperation between university science educators, innovative sec-
ondary school science teachers and other resource personnel. These cooperative relation-
ships were established at the cutset of the project and continued throughout the duration of
the curriculum development effort. The design, developrent, field testing, revision, and a
second fjeld test evaluation spanned four yearg of intensive and dedicated work. | ‘
-+ During the i,nitial phase of the MGM project, selectedhigh school science teachers
» responded to a questionnaire desigried to provide information concerning each teacher’s
impression of the importance of certain marine topisgzgéh teacher’s self-assessment of his/
her knowledge of the same marine topics, and each achgr’s‘p‘r’eference_in terms of curricu-’
lum format. Results of the survey were used to provide direction for the selection of topics
~ and fot the develdpment of activities to be included in the materials. The completed mate-
rials ificlude four uhits: Marine and Estuarine Ecology, Marine Habitats, Diversity of
Marine Animals, and Diversity of Marine Plants, Field te/sting of the materials was con-
ducted in eleven schools by biology teachers during 1980-81. Included were two inland and
two coastal districts in Alabama and four inland and three coastal districts in Mississippi.
Based of those classroom evaluations, the materials were thoroughly revised during the
summer of 1981. The revised materfals were thg{’\ used in 35 schpolsthréughout Alabama
and Mississippi during the 1981-82 academi¢ yéar. C .

The field-testing of the MGM materials in the classroom has demonstrated that the ’
marine science materials are equally appropriate for both tnland and coastal schools. Many
teachers have successfully-incorporated selected MGM materials into their existing courses

. o 3, N . ¢ N
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of study in biology, whlk utllcrs h.lvv used the Lun(plclc curricullim as a separate course in
.marine science, In cither case, lu.nchcm have found the MGM Murine Science Curriculum
enjoyable to teach and very informative.

Information and ac lIvntic-; indexed and accumulated on microfiche lhrmlgh ‘the Marine
Education Materials bystcm (MEMS) have been invaluable durm;' preparation of the MGM
_units, Some of the activities and concepts included as a part pf MGM were modified from
‘resources in the MEMS collection. Appropriate credit is given to the original authors in the
reference section of cach MGM unit, We are particularly indebted to the following marine
cduc.\ll(m cugriculum 1 projects for their contributions: “Man and the Seacoast”, a project
sponsored by the University of North Carolina Sea Grant Colle e I’mgr.\m which resulted
in the publication of the North Carolina Marine Education Manual series; “"Project
COAST" (Coastal/Oceanic Awareness Studies), funded by the Delaware sea Grant College
Program; and the Hawaii Marine Sciences Study Program developed by the Curriculum
Research and Development Group at the University of Hawaii, . - :

We wish to acknowledge the cooper ration that we have received from other marine educa-
tion projects, the Alabama and Mississippi State Departments of Education, The Upiversity
of Mississippi [*aw School, the National Marine Education Association, and many individ-
uals who offered suggestions that were incorporated into the MGM materials, Our gratitude
is also extended to Dr. ], Richard Moore for permission to include his plant key in the tea-
cher supplement for Diversity of Marine Plants, We are indebted t the Department of -
Science l:.ducatlon at the University of Southern Mississippi for serving aga base of opera-
tion, allowing use of its equipment, and providing financial support. Wcﬂfspccmlly would
like to thank all of the dedicated Mississippi and Alabama teachers who Worked so dili-
gently on MGM materials. We hope that high school students and thcnr teachers wnll con-
\tmuc to find that these cffortq have been of value. _ R

ngby N. Irby

Malcolm K, McEwen : :

Shcha A. Brown . . , \ &
Ehzabcth M. Meek ' v ;



MARINE |
AND =~
ESTUARINE ECOLOGY

‘
Obijectives of Marine and E: stuarine Ee nl()zg\/ s -
-y
1. To familiarize studcnts with the cumplcmtlc and dynamics of thc marine environ-
ments. :
2. To promote understanding of the diversity of tho marine cnvimnmcntﬁ and thcir
©  biological chracteristics. '
3. To develop in understanding of the interdepe n(lun(y of all living, organisms upm'}
one .\nothc ¢ - v :
4. To increase thestudent’s npprccl.ltlon of the .llucs of.the marine community bath
practlcally and aesthetically. ‘
5. To instrudt students in the anipul'.ition of certain equipment used in marine
biology.
. To emphasize the idea of adaptation as a method of adjusting to the cnvnmnm}nt
7. To aid students in dcvclopms, the ablllty to redord data in a logical manner and make

inferences from it

o

THE ESTUARINE ECOSYSTEM -

An estuary is a partially enclosed body of water having a free connection with the sea.
The sea water within the estuary is diluted with fresh water from its drainage area. Gener-
ally, salinity of the water is less than that of sca water, but it varies from time to time.»
) Estuarine organisms must be adapted in one way or another to tolerate varying salini-
~ ties. There are a variety of habitats within an estuary and each habitat has its characteristic
plants and animals. Estuarine communities consist of a mixture of species: those that nor-
mally occur in the area, species which come in from the sca, and a few which have the adap-
tation for penetrating to or from the freshwater environment.
Although the estuarine environment is changeable and difficult, it is very productlvc
The fresh water drainage brings down fresh supplies of nutrient salts. The estuaries are
characteristically more productive than either the sea which borders one side of the estuary
or the freshwater area on the other side. The main source of biological productivity is in the .
salt marshes. These provide a major source of food for the estuarine ecosystem.. Dead marsh
plants support huge populations of invertebrates which are preyed upon by fish and birds.
This study will examine some of the organism# that live within certain estuarine ecosys-
terns. Emphasis is placed upon the adaptations that the organisms have made in order to
survive in this environment and upon the limiting factors that are continually at work in the
estuary. Finally, the interaction between an organism and its estuarine habitat is explored to
point out that an ecological systcm results from living and non-living interactions within the:
estuary and, in more general terms, within the marine environment.
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V(_)LABULARY

community all of the populations of nu'.ms ane Ina partic ular are A, ..

y,
,ecosystent: - cotnmunity ol org, ini gl interacting with eac I other and the environmentin

L]

wlmh they live,
habitat-"“the place where an organism live,
miarsh - tract of wet or periodically Hlooded treeless Land, usu, llly ch. racte rized by prasses,
cattails, orother monocots,
nutrient salts. -1 particular (,'I-l'."- ol chemical compounds which, when eaten by an
" organism, can be used in the growth process,
nlmily i lm-.r-ur{v of the total amount of dissolved salts in seawater, <

, WHY CLASSIFY? ‘ .

We as humanstare constantly pl'l'ziny our possessions in groups. Everything must he
placed insome ¢ catepory. Thus, it is no different when it comes to living creatures. We first
place all of Umw that are alike in one group and those that are different in‘other groups,
Your schoobclass is even grouped. All of the 10th praders are in one proup and 1th gradery
in another class, You are grouped in this@ay by the numpber of years you havie been attend-
ing; school. As you can see, the criterion may be dlfh,rvngyn some instances andveduse a
change in the make up of a group. All students in your biology tlass are taking biology. |
Biology becomes the criterionin which all of the students in your class ar@alike. There may

be Oth, 10th, 11th or 12th grade students in thistlass but i in‘this msl.mcc ),r.ld(' level is nn!

the characteristic that is important or similar, S S o

“Biologists are always looking for better ways to classify organisis that will be nfore’
relevant, and easier to understand by the user. Taxonomy is the term'tised to refer to the
area of scienee dealing wnh the naming .\nd cl.\"al’)t ition of living organisms of a group, as
well as the differences from other r groups, Any goad classitication system will also provide
the exact.genus and species for each Ilvm;, organism. This will be the scientific name of the
organism and there should not be any other organism with this name in the world.

In the accepted organizational plan, the largest and most comprchcnswc grouping, is
that of the kingdom, Organisms are then placed-in subcntq,oncs called phyla. A phylum is
then subdivided into classes.

The class s subdivided into o
ily is subdivided into genera (plural ot
cies. The scientific name then is always domposed of the genus and species. The genus is

usually a noun and the species an‘adjective describing the noun. ,
a , ‘ ¢

Objective Ay . . p

ers, and the ordor is subdividcd inte familics. The fam-
senus”), and the genus may be subdivided into spe-

To classify a group of fictitious marine organisms in order to develop an undcrsmndxm,
of how the classification system is used. ‘ :

Materials , '

- vl

b .
The attached pagj’?‘ol fictitious marine animals.
{ .

s -

Procedure N

Before constructing your classification systegn, carefully examine all of the fictitious
marine organisms. As you examine the organisms concentrate on their physical appearance. ¢
Try to observe and note like and unltke characteristics of the organisms. These characteris-
tics are important in establishing the categories necessary for classification,

~

] o . »

2 o , v _ ‘ \
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For example The klngdom criterion might be * plant-llke or animal-like”: Slnce all of the flc-
titious organlsms exhibit * an1ma1 like” characteristics, place them together as. an1mals Fpr :

the next’ category you mlght separate the: animals into “aquatic or terrestnal anifmals”’

RESEE vocABULARY' " SRR

v =~ _ . b o s . . ~ R
( . Asa group, ﬁlrst complete Table 1 SO that you will be® able to c1assrfy each organlsm ;

-, 7,{&

genus—a category of blologlcal dlassrflcaflon ranklngsbetween the ,famlly and the spec1es '

" species—a.group of animals or plants %hich possesses in common one or more characteris- - =
tics dlStlngUIShlng them from othersimilar groups. 'Phose ‘drfAnisms usually 1nterbreed
*.and feproduce their characterlstlcs in"their offspring.. ' : : s :

taxonomy—cla551f1catlon of. organlsms g?ased as far as possiBle an ryatural relat;ronshlps
_ _ . _ 4

Ta le 1. Use your own system to classrfy the orgamsms on page 3
' Now class:fy each organlsm S

:

Ammal Ammal Ammal Ammal Ammal Ammal Ammal Ammal Amrﬂ‘al Ammal
R 1 ; Z ‘ 3 N .4 5 06' ..7K .‘7‘ 8 9 10 )

. . . " (“ ! . Cae . B ) . . . L
- Kingdom S B N : : o -

Phylum

Class | T ST TR AER R R R

| l"Order -

 Family REEE| 1 I T YL

s -

Genus. 2

Speciesi ’

1. Which organisms seem to be relate&i the'closest7' -

2 WPuch two organlsms seem to differ the most?

”3 IRecord your scnentlflc name for organlsm)r 6, 8,and 9. : _f'"f'
Y USEOFATAXONOMIC KEY. ‘
‘__Introductlon “ ::5’,'%:: T _ L ;,"-.:‘ -

Many of the early blologlsts studled the structure of organlsms As a result of these
studles many of our methods of classlflcatlon (taxonomy) of plants and an1mals are based
on the structures of organlsms . - Lo :

. . . : - o
» . L <

Os&
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Flat-head : P/an Head
COLLAR /

[

,.‘3

Hex head ' ’ Collar under ‘ Top'o'f shaft
N " . head N O _squaréd.

KGW"'to North Ameérlcan ScreWs o o 2"/ T , : :
1 "a. Srdes of shaft (threaded part) parallel (no point)....4....... e S 2
" 'b. ‘Sides of shaft tapermg toa point (as in 1) .......... .,"‘ ............. ceeernin, 6
* 2.-a. I—Ieadwrth1orZSlots......,........., ................ 7 SOTP e L 3
b. Headwrthouta,slot...,............‘....'...L ..... '/ ................. ‘% ..... 5
a: Head rounded on upper surface.. veaasr e / f..c...Round headed machme screw
b ‘Head not rounded on upper surface..~ Ceeedenl, -
. Head flat, six-sided...................... ............. PR
: - Head flat, tapering to shaft...; ...... A, Flat-headed machine screw
5. a ‘Head six-sided flat on top..............; { ............ ~..._....'....Hex—headed machme screw
b Head flattened parallel to plane of v '
_ ., long axis of shaft ' e
67 a. Headwithnoslots..........c.... /... e, SO reeieeeri Tt
~ b, Head with1 or 2 slots.... '
" 7. a.-Head curved mto rmg ................................................................... Eye screw
= ' b. Head w with six sides & 'flattened collar
8. a. Head wrthsmgleslot orcp/llar ...... e ieee s erteeeees BUTUTRS, : ...... -9
- 'b. Head with two slots at rlght angles to each other ........ ........ 11 -
9. a. Shaft with thread all the way up to the head, pan head........: Pan- headed metal sgrew', o
_ b. Shaft with unthreaded area below head...f. PR et e RO 1_(35'_ R
10. a a.‘Head flat............. Lo, ............. «.....Flat- headed wood serew
b. Head rounded....ﬂ// ....... e ’Round headedwoodscrew
- Jead flat.. . . Ve Flat headed metal screw )
X b Flead not ﬂat..../....'..'.v ....... Lo .................. 12,
- 12, a. Headround...../............... e, ..:.;...‘.;....',.'....‘.;....‘....Round headed metal screib
,b. Head par_r...-.-..- ...... e e FUURTITRO eveeenaen veereeea Pan-headed metal screw

/s
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In any plant or an1mal there may be’ hundreds even thousands of characterlstlcs
whlch appear to separate it from all othér organisms. Experierice has shown, however, that
most of these aré not ‘extremely importaht in determining the species of the organism.
Usually only a few characteristics are'valuable in determining the speciés. But if,you were
given an organism to ¢lassify, you Would probably be both amazed and.confused by the’
large number of characteristics that are present. Which charactenstlcs do you use'in classi-.
fying this organlsm? The answer is simple. You must center your attentlon onjust afew,
critical characteristics and disregard the others. Wouldn't it be nice if the pblants and a mals

~ on earth only showed these critical chéracterlstlcs? Unfortunately, plants and animals

not exist in this manner, : :
Man-made items sometimes are much slmpler than those found in nature. Tl’llS is true: )
of some of the items in everyday use. Consider all the different types of spoons that help fill *
the drawers in any kitchen. Or the different kinds of nails, pipe fittings, pins, or bullets. -«
" To make the job of learning to use a taxonomic key easier, we have chosen to- work

- with screws. Screws are used for many purposes and come in many shapes and sizes. Each’

has a specific name, much like a plant or animal. The parts of a screw are extremely simple.

~_Thereis an expanded portion called the head and a long, slender portlon called the shaft.

[4

‘Materials.. -~ B

S‘crews can be separated from nails, for example, by the fact that the shaft is threaded, that -
is, it has a groove spiraling around it from its point toward the head™"

A

. Each student shall be able to: S ¢
1. Use a key to separate organisms or items into categories based on known struct a3
2. Defirie the following terms: taxonomy, taxonomic key. :

Objective‘s~ ’ 'v ! IR .

¢

/s O

- Five of each of the followrng for a class of 20-25 students round-headed machine

* screw, hex-headed machine scréw, l flat-headed machine screw, thumb-grip' machine screw,

eye screw, hex-headed metaLscrew (slotless and not), pan—headed metal screw, flat-headed
wood screw, round- headed wood screw, flat-headed metal screw, round-headed metal

screw, pan—headed metal screw (Phillips head and/or stralght slot)

Procedure o o . : o B SR

Uslng your lab samples, 1dent1fy one screw at a time. Read each couplet as a unit, If

your ‘answer to the first statement is “yes”, go to the couplet indicated; if a name appears

you have identified your screw. If your answer to the first statement of the pa1r is “no”, go

 then to the second statement of that pair. Your answer to this must be “yes”. If you cannot

give a positive answer to the second statement either, you are off the track. Return to the
beginning of thé key arid start over, being very careful to read each statement accurately
and to examine your screw metlculously . :

After you have identified a screw, set it aside with its proper 1dent1f1cat10n 1nd1cated

e Take another : screw and begin w1th the flrst couplet again. You must always begin with thev -

“first couplet °

VOCABULARY - e

o

- taxonomic key—a table in which the d1stmgu1sh1ng cha.racterlstlcs of a group of plants or

animals are arranged so as to make it easier to determine their names.

. taxonomy—classification of organisms, based as far as possible on natural relationships.. »

~
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. R ) l.. ﬂ . RO B ] ‘ CONCEPTA,, .\“_,. - . ‘ * : -
Plankt'on are general~ly tlny, but are 1mpor&ant to coastal zone eeology '

»

Ob}ectzves n ' T ‘ R o . S
Upon»completlon of thls concept the stude’ntshould ’é'e able : |
- ) - Y * 7 e
v a. To give the general name for an1mal plankton and the general name for plan't\ W
plankton. ol I : : '

b. To describe how plankton manage to float ) : . :
c. To prov1de at least one reason why plankton are 1mportant in fresh water and salt

@

‘water. ’ ,
d. To list the names of two orgamsms thatWould be placed in ¢ the plar} plankton
group. . o -
e.. To explain how a gas biadder works ’ ‘} . f L ’
f. To list two characteristics that all plankton have in common. o
g. Todiscussa method th%t can be used to capture g)lankton for study ’ e
PLANKTON

Plankton are generaly small’ organlsms that 1nhab1}t aquatlc envxronments Their small
* size keeps them from being obvious to casual visitors to the sea coast, but once seen, their
" strange shapes and adaptations are fascinating. Their role in the productivity and popula- -
tion dynamlcs of coastal zone ecosystems is so important. that some mentlon of them is
' essent1al to any effort in marine education.

- Plankton are drifters, plants and "anlmals that move passwely or very feebly with cur-
rents in the sea. Derived from the Greek work, “plantos”, meaning wanderer, plankton
-'vary in size, but are generagly small. Plant.plankton (phytoplankton) is often dominated by
diatoms less then five microns in d1ameter (a microh is one millionth of a meter). Two com-
mon characteristics of plankton are their inability to control their movements against cur-

.rents, and their habitat, typically in the upper regions of the water column. Plankton are
divided into phytoplankton (plants) and zooplankton (animals). Further divisionsare the
. holoplankton (permanent members of the plankton communlty\) and meroplankton (tem- -
" porary members such as larval stages of benthic invertebrates and fish).

All of these organisms share certain general features: they are all small; they have flota-
tion devices; most are transparent; and many have long body wall extensions that increase
the surface to volume ratiSs of their bodies. These features hold true for both marine and
" freshwater plankton and can thus be demonstrated with access to ocean collections. .

~The importance of plankton in marine ecology involves both quantitative and qualita-
tive features. Quantltatlvely, plankton are an increasingly important part of marine food

- chains as one moves offshore from the. seacoast Most food chains begin with plant photo-
<" synthesis in which sunllght and inorganic nutrients are converted into the organic matter of

- —~plant tissues. In the open-sea; the floating: phytoplankton-occurin the sunlit zone, thus- phy- -

' toplankton are the major unit of primary production for the ‘oceanic food chain. In shallow
‘waters® however, sunlight reaches all the way to the sea floor so attached algae and rooted
higher plants (eel grass and salt marsh species) become important contributors to food chain
" primary production. Qualltatlvely -plankton is important because of its nutrtfional role in

- marine food chains and its role in:the reproductlon and distribution of marine organisms.
There is ev1dence that phytoplankton are more easily dlgested and thus more nutr1tlous per




umt we_ght’ than is h1gher.plant mat‘erlal produced by salt‘marsh spec19s For e‘x’amp,le a
‘ common €stuarirle zoOplankton crpstacéan (the’cope od Eurytemoraafflms) produces more:

. eggs when rown on-a diét of phytoplanlétonithan when.grown'ona “diet of salt marsh plant o

material. - he qualltatlve significapecé ‘of hytoplank n to egg productlon and other lifé.
cycle px"dcesse’s may ultlmately show that hytoplankton are mor important to.nearshore
food chaine than currently coneelved N - g 3

#Plankton are also quantltatlvely 1mportant to nearshore ecology because a large ftac-

tion of the nearsho‘re‘zooplankton community ‘consists of l&a] stages of 1mportant nekton; .

and benthic organisms. Thus survival and repopulation of many commerc1ally important
- marine animals such as fish, shrimp, crgbs, and oysters depend upon the success of the

o planktomc larval stage of their life cycle (meroplanktorf). Approx1mately 98 %, of all the

sport and commerc1al catch on the coast of Mississippi is of arﬁmals that pena some por-.
tion of theflife cycle in nearshore and estuarine areas. The vast majority‘of* these spend,,
‘much of their nearshore life as meroplankton These meroplanktonic stages aré dramati- ~ _
.cally different from adults of the same species, both in theemorphology and in thejr require-
ments for survival. The existence of commerc1al populations of marine species depends on
maintaining conditions suitable for survival of both the adults and the meroplanktomc _

+  stages that lead.up to the adult stage. At the moment, scientists know far more about sur-

vival requlrements of adults than of their meroplankton si.e. young. From what is known, it
appears that larvae can tolerate less pollution, less food scarcity, and, in general less.expo-

" sure to abngrmal or unstable environments than can adults. This unsurprising fact lends
increasing/practical 1mportance to studles of,larvae in the light of ntial pollutlon due to
human development of the coastal zone.

Plankton play a dual role in considerations of marine pollution. Not only are mero- '

\plankton generally more susceptible to pollution than are adults, but also planlf}on can

.~ absor -degradable pollutants like metals and particles which can become concentrated

through the foqd chain. Phytoplankton form the link in the marine food chain that changes

inorganic nutrle to organic material. Zodplankton and other filtér-feeding animals.feed
on phytoplankton and in turn are eaten by larger animals. Unfortunately, slowly degrada- -
ble poisonous substanges such as pesticidey, mercury, cadmium, and polychlorinated
biphenyls (PCB's) can al\ﬁo be incorporated into the g}ant cell and thus be carried up the

~ food chain where sufficieht accumulation results i in death of large animals. The classic
example mvolved DDT, a\gesflmde running off from farms to water, being absorbed by

- phytoplankton, filter-feeders! fish, and finally fish- feedm/g pelicans. In Mississippi, pelicans
were eliminated from the state as DDT in their bodies upset their reproductive process.

The morphology of plan ton makes them interesting to examine. Nearshore phyto-
plankton caught by normal planktdn nets (cone-shaped nets of fine nylon cloth or stock-
ings) are mostly diatoms and dmoflagellates (Figure 1), Diatoms are single-celled organisms.
with glass (s111con dioxide) cell walls made up of two valves. Some marine species are centric

‘ (circular, like a. button) and some on elongated (pennate). Diatoms are one of the most
,nutrltlous food sources for animals. Dlatoms occur smgly orin chams and can multlply up
generally possess two whlp like ﬂagella causmg them to constantly spin as sthey move.
Dinoflagellates may be armored with plates or unarmored Same species are luminescent
while others arethe causative organism-of the Red Tide, an abnormal concentration of cells
and their excretions that kill fish (Figure 2). : :

Phytoplankton must stay in the photic zone to survive, and even though they have llttle
or no means of movement, they have evolved several adaptatlons to increase their buoy-
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Figure 1. Organisms sometimes found in plankton tows. A, Forarhinifefan;
B-C, Diatoms; D, Copepod; E-F, Dinoflagellates; G, Radiolarian. -
o
© R
0 '\r\’ .
W
. . - _C..
Figure 2. Representative dinoflagellates. A,-Gonj/a_lux; B, Peridinium; C, Gleﬁbdiniitm;
- . ’ ! :J.\ ’ . [ . § .
| 13,
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. C. Dinoflagellate * - D. Centric Diatom

. -

~J

o
4

- G.:Crab Larva o , H. -:Veligeir"'Larva,

F. Bipinnagian Larva,
- Gastropod . "

Sea Urchin

N ; » : . ' T o . - .
Figure 3. Holoplanktonic and meroplanktonic organisms. A-B, holoplanktonic
zooplankton; C-E, holoplanktonic phytoplankton; F-H, meroplanktonic
- larval forms. e - , '
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- sevem‘l types of jelly-fish- like animals, and some protozoans. Meroplankton are ver}"t com-

i) C R

an Dlatoms store 01] in their cells and the‘{}' specific gravity is thereby decreased. Many -
species have s@es and cell wall extensions that incfease surface area, and others link into
spiral chains that increase their’ ability to remain within a spécific mass of water. .
-.copepod crustacea although in spring ahd summer, any of several types of meroplankton
- may dominate the catch. Other common oloplanktonlc forms include the arrow worms,

mon"ln nearshore zooplankton samples and include larvae of many specle‘rvof benthic 1nve1—
 tebrates such as crabs, starfish, sea urchins, and mol gﬂ“ks,pl%s eggs and larval stages of

many fish (Flgure 3). The abundance of zooplankton'is related to their-food supply, and AN

since most are small, they feed either on small phytoplankton, higher plant fragments or on
each other Consequently, most zooplankton employ some mechanism for straining small
part1c]es from'the water. The feathery antennae of copepods and modified mouth parts of -
crustacean larvae can strain phytoplankton. Arrow worms act1ve1y prey on small species of -
zooplankton. - ™ :

Adaptations for the zooplankton 1nc1ude means of feedlng, locomotion, and buoyancy. -
Elaborate appendages increase surface area and buoyancy while also aiding in feeding. .
‘Some jelly-fish have gas bladders which can be filled to increase buoyancy to rise and emp-
\

tied to sink. Other jelly-fish and arrow worms with a gelatinous watery body increase buoy-
ancy by eliminating heavy ions and replacing them with. chloride ions. Storage of fats and
oils also increases buoyancy. ,

.

- VOCABULARY
aquatnc—llvmg in water, ‘- St
benthic organisms—bottom dwelhng ofganisms:. ~
buoyancy——tendency of an object to rise orfloat. Plankton remain buoyant by several
- < means: air bubbles trapped in the1r bydles ‘extensions to increase surfacé area; porous
skeletons which weigh less.
crustacea—a class of the arthropods these orgamsms consist'of common marine animals,
including shrimp, crabs, water fleas, barnadles, etc. g
diatom—single céHed microscopic plants forming a major component of plankton
- dinoflagellate—single celled microscopic organlsms possessmg both plant and animal
 characteristics.
ecosystem-—communlty of organlsms 1nteract1ng with each other and the environment in_
which they live.
environment—the surroundings of an organlsn;l\ o .
filter feeder—any organism which actively filters suspended material out of the water col-
umn by creating currents. Examples are tuhicates, copepods, and oysters..
flagella—fine, long threads which project from a cell and move in undulating fashion. Fla-
gella are respon51ble for locomotion of small protozoans and reproductive cells.
" food chain—the transfer of the sun’s energy from producers toc consumers as organlsms feed

on one another.
* gas bladders—gas filled organs providing buoyancy in fish organisms.
heavy ions—a group of charged atoms which have high atomic weights.
holoplankton—anlmals which spend their entire lives as plankton.
- inorganic nutrients—substances which promote growth and development in organlsms
Inorganlc nutrients do not contain carbon

-

Nearshore zooplankton caught by normal nets are usually dominated by holoplanktonlc' .



- &

;lar‘val‘stage—an immabﬁre stage in the life of an animal. . : N
lummescence-—hght emitted from orgdnisms by physiological i processes chemical action,

pgelfably an adaptatlon for recognition, swarming, and reproductlbn > -7

- marine ecology-—étudy of the relatlenshlps betweer organisms-and the ocean env1ronment

meroplankton—ammals which are tempgrary'members of the plankton.

morphology—study of form anéstructure of individual plants and animals.- Y

nekton—those animals thagnre active'swimmers, such as most adult squids, fish, and
marme mammals. - i ,

orgamc material —any type material which contains the element carbon. -

photosynthesis—process of plants by which energy-rich organic compounds are made from
water and carbon dioxide using sunlight as the energy source. ;

photic zone—the portion of the ocean where light intensity is sufficient to accomodate plant
growth.

phytoplankton—tmy plants such as dlatoms floating passively in the upper 300 meters of
the ocean or. to the depths of sunlight penetration. (“Grass of the sea”.)

plankton—small plants and animals floating in the upper layers of the water column.

population dynamics—change iri abundance in a species due to avallable food, predation,

. competition. ‘ :
primary productxon—the synthe51s of organic materlal by plants. .
productivity —amount of organic material formed in excess of that used for respiration. It
¢ represents food potentially available to consumers. : v .
protozoa—smgle celled, nongreen, animal-like- protists. '

specific gravity—the ration of the weight of any volume of a substance to the weight of an -
equal volume of some other substance taken as the standard or unit. :

valve—another name for “shell” in mollusks; in diatoms one half of the frustule

water column—the area from the water surface to the bottom. '

zooplankton—tiny animals that float in the upper portion of the water column have exten-
sive vertical migration patterns and feed on phytoplankton

-

‘friction, electri¢al, and radioactive emissions. Luminescence in marine organismsis .
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VOCABULARY ACTIVITY FOR CONCEPT A
- , g

Hidden in the letters be w are 10 vocabulary words that are used in concept A. The

- words may be written vertically (up and down), horizontally (across) up51de down, or
dlagonallyo'*ﬁl'ry to fmd the 10 words.

ﬁ

A-|BiC|D|E|F |G |H|I}J|K|LIM|N]|O

HluleclriMic|Ttis|viclz|p|E|P|F

i ] . 1

Answers:heayy Yons, buoyancy, valve ;quatnc morphology protozoa plankton ecosys-

tem, nekton, flagella

2

AW
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VOCABULARY ACTIVITY FOR CONCEPT A

Below you will find a group of six scrambleS\vocabulary words that are used i in concept
A.-Unscramble the letters of each word and wrmi it in th{Blank provnded Notlce that each

word has one letter circled. If you write each oneofthese letters down in order you can spell
the ‘mystery vocabulary word”. R

o
1. yvuc@portiit

2. cnnograi@ trnutsein"

3 n'ur'ce-atu@ '
! : ;
4 515éh@nysotohp \
\
. T
5. vmetinrnen() \
6. kp@na_tnal.ﬁéor ' \
What is the “mystery vocabulary word"? \\ ~
Here's a tougher one for yorx. .\\‘
9 \
@varal etgas » |
2. cograin trnWtsein \
3.enari olegocy \
A.etalleg‘alfon@d‘ ' "
5. tce@bhi _
_ R
6.\.epioht_@zon. o
7. cifep@®ic vetgyari ‘ ' - .

8. do fo na'h@i

9.rtli@f redf eec

10. notk(alpotyhp

ll.‘atewr'mu@olh

12. as g @r ‘l.a_sdbd | i \

What is the “mystery vocabulary word"? ‘ \

’

14




Activity: - CONSTRUCTION OF A PLANKTON NE"I -

A plankton net lS a device for concentrating small aquahc orgamsms for closer examina-*
_tion..The stall organisms collected in a plankton tow will constitute an assemblage of
organisms that go unnoticed by most individuals. Usually a microscope is,needed to ldcntlfy
and examine these organisms. They are usually prollflc in humbers and play a ma]or rolei in
food chains of any given ecosystem .

A net with very fine mesh is used in the plankton net because"many of these tiny -
organisms would pass through an ordinary dip net. The plankton net is essentially a cloth
funnel which allows water to pass through but retains the living organisms. The collected
organisms will be found in the small glass or plastic bott]e found at the bottom of the net.,
AU _ T, ‘ .‘, £ . _. ’ %
Objective - - v .-

To make a plankton net.. o ' ) /
Materials (for each net) N ' ' I o o

One leg of nylon hose, a wire coat hanger, string, small flask or bottle:

Procedure

Construct the net as illustrated. The ‘catch bottle"” at the toe is tied on. After the net is
towed, wash the net and any contents down into the bottle, untie it, and observe the con-
tents. A microscope is best to observe the tiny plankton although some are visible to the
eye.

Activity: PLANKTONBODIES % -

‘Objective

To investigate how shape/surface area affect ability to float. This will enable you to
understand how plankton maintain their position in the water column,

Materials
Several jars or trays full of water, miscellancous pieces of paper, metal, cloth, cardboard

glue, timer, (vegetable oil — optional).
-

24



Procedure . L

Examine the illustrations as pictured in Figure 1 of various plankton forms and obsen@
their shapes. Discuss some of their modlflcatlons for floating.

Experiment with one type of material, e.g. paper, aluminum foil. Twist, glue, bend into
different sbapes and test its floating ability. (Avoud the structure being held up by water.
surface tension by wetting it completely.) Measure the trme it takes for dlfferent shapes of
the same materials to sink to the bottom. o '

Some plankton produce oil and store it in their bodies. Try folding your materlal so it will
hold a teaspoon of oil. How does this affect flotation? -

« . -

v . .CONCEPT B ™,
Free-swimming animals called nekton have made adaptations in body structure, feeding
patterns, and swimming behavior in order to increase their chances of survival.

Objectives

Upon completion of this concept, thé student should be able:
. To name four animals which are nektonic.
b. To demonstrate with hand motions, the swimming motxons of fish, reef or grass
flatfish, marine mammals, and octopuses.
To list the two basic feeding patterns used by fish.
To explain one change in the mouth parts of a bottom-feeding fish to help it collect food.
To discuss what happens when oxygen: passes over the gill filaments of a‘fish. '
To suggest a reason why the gill filaments of a living fish are very red.
To provide a listing of five ways in which nekton can protect themselves from
being caten. '

@ ome e

=

NEKTON

Nekton are free swimmers that maneuver actively in the water column. Therefore,
nekton comprise only animals which can disperse independently of water movement and
bottom substrate. If an animal cannot swim actively enough to counteract water movement
and drifts with the current, it is considered plankton. For example, the huge ocean
sunfish swims so weakly that it moves with ocean currents in tropical waters and is
considered plankton, not nekton. A majority.of nekton are fish. Other marine vertebrates
include marine mammals, whales and seals, and marine birds, penguins. Very few inverte-
brates are considered nekton with the exception of squids;, some pelagic octopuses, and
shrimp. Plants are not considered to be nekton. Nekton may have swimming powers to
migrate long distances and traverse the water column from surface to ocean floor. Table 1
lists characteristics of some of the common groups of nekton while Table 2 shows vcrtrml
zonation of nekton. :

Although nektonic animals include many diverse creatures, their patterns of locomotion,
feeding, respiration, and protection, are often quite similar. For example, methods of
motion can be grouped into four categories based on body shape and appendage modification.

(1) Lateral undulation is the side-to-side swing of the animal’s tail, usually including the
sway of the whole body. Lateral undulation locomotion, combined with a torpedo body

A

16
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Figufc 1.
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Planktonic form?t.



Table 1. Common Groups of Nekton | - o Y : ,
Charactenstlcs o o . - S ' Ekamples y
_ : ‘ : : , :
Vertebrates (with backbone) breathmg by means of gll]s .
Body fish-like, skeleton of cartilage only ...:......... ... ....... Sharks and rays
Body fish-like, skeleton includes bone elements. . ... SRR ... Bony fish, &.g., mullet,

.marlin, etc.

Vertebrates (wuth backbone) breathmg byymeans of lungs

Marme reph]es ............................. e A Turt]es crocodx]es, and
- : . R sea snakes. )
Marine birds ......... D e e L T R Penguins, diving shore birds .
Marine mammals :............... R R e ”Wha]es porpmses seals.
Invertebrates (no backbone) - ’ ‘ :._: o A '; '. !
~Mollusks ..o e vt O S Ve SRR e Squld octopus
Arthropods (]omted ]egs) e e, . Some pe]agﬁ shrimp
Table 2 Vertlcal Zonatlon for Nekton -
P o «‘Enwronmenta] > S
Zone =~ . D,epth‘ (rn) Characteristics - .Example - Ch?g‘actenshcs
. E-pf;pe]agic 0200t Lighted, variable = . tuna; coastal wf?el] develpped eyes and
I ' temperatures " fishes /™~ Swummmg musc]es, st
- ' : “'species and numbers ?
J : (See Figure 1A) ;
| yﬁa -
. ' ' . ) B v . ’ . % 3 ’ : .
- Mesopelagic 200-2,000" " Dim light, increased - lantern fish, S enlarged eyes,
' LT . water pressure, - hatchet - fish,  luminescent
co]der ¢ . Co SqUId : é_ ®
(See Figure".lB) .
Bathypelagic ~ 2,000-6,000 - No light, increased gu]pen«eel . small eyes, poor swim-_ *
o o ‘water pressure, - ang]er fish, - ming muscles, flabby,
o o colder - squid . few species and
RO o e IR - numbers.
’ ' N . (SeeFigure 1), '~
Hadopelagic P ; No light, most .+ pelagic fish ﬁ 3
(trenches‘). | ' e pr]eds'sure,a'C : (benthic ) “'
e T o C()‘~es')-4 : Tnpod fish) - -
e ; v . (See Flgure 1D) ’ .
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v shape enables the barracuda to have 45 mph bursts of speed and"tuna to. m1gr{1te thousands
«~ of miles (Figure 2), . , '
. Q) Dorso-ventral undylation-is the up-down vertical move"ment characteristic of marine
mammals, like whales ar/d po poxses, and also, bottom-living fish,'such™ skates and rays,

' which use their extended “wings” to glide gracefully over the bottom (Fjgure 3).
(3) Pectoral scullers use the side (pectoral) fins for delicate maneuvering, File fish,sea -
horses, p1pef1sh and puffers need maneuverabxllty, fot. speed for survival. In fact, the .
* seahorse’s tail is modified so that it-s. used only for grasping stems of seaweeds Sea
turtles scull with their” foreflippers as they dive for fish or migrate to nestmg sites.
" (4) Jet propulsion enables cel %in mollusks to have quick bursts of locomotxon in the water
column. Squids, octopuses, and scallopshave openings through which they can squirt water,
thereby pushlng themselves in, the: direction opposite - to that of the squirt (Plgure 4),

Feeding patterns usually break down into two groups (1) Fllter-feedmg involves -
spec:allz:aniouthparts for straining,large volumes-of water-to extract plankton. Herring-
type fish{ have gills with long, comblike filaments which collect plapkton as the fish swim

. open-mouthed through the ‘water. Bal “whales, e.g., blue whale, have brush-like baleens. -
that collect plankton in the roof of theirfnouths which is then pushed down the throat by the
tongue. (2) Predation mdudes many forms of hunting and attacking prey. Sharks are the
dlassic “killers of the seas” as some have extensive’ means of detecting movement and scent. -
Dainty butterfly fish of the coral reef hunt their prey swimming in and out of reef crevices

~searching for small crustaceans which they pick from holes with a spec:alxzed mouth.,

Fish mouth parts are modified to indicate -feeding behaviof. Bottom feeding fish have
mouths pointed down while surface feeders have mouths pointing up. Half-beaks (quick,
-darting cigar-shaped fish) skim the surface with a highly adapted mouth'in which the lower
jaw -is long and narrow while the upper. jaw is shart and pushes water and food into the
mouth. Predators like the barracuda, bluefish, and flounder often have a protruding toothy /
lower jaw. Sea horses and p1pef1sh have a modlfxed tube mouth des1gned to slurp up food
. have a small narrow mouth for picking small anlmals Erom plant stems. Mouth modifications
of fish are shown in Figure 5. ' '

- Adaptations of nekton for obtaining oxygen also provxde good examples of classroom .
discussions of evolutxonary processes and their results. Whales and porpoises have evolved
modified nostrils on the top of the head. As a result, whales coritinue swimming while breath-

_ing through the “blowhole”. These marine mammals also empty and fill their lungs more.
completely and quickly than land mammals. High concentration of respxratory pigments in
the blood and muscles absorb large-amounts of oxygen that allows the animals to maximize

. submergence time. Together these adaptations allow marine'mammals to spend- long periods

underwater, then surface briefly, e?xhale warm breath as a spout inhale qulckly, and begin
anqther dive. Evolution of axr-breathmg fish in stagnant water is also an mterestmg sub)ect :
for discussion. S : - '

,' ‘Fish extract oxygen from the surroundmg water. Dlssolved oxygen is far less abundant in

- water than-in air (the atmosphere contains 21% oxygen while water usually has about 8 parts
* per million oxygen — about 26 thousand times less). Therefore, gills must have tremendous
“surface area:to facilitate oxygen dlffuswn from water into the blood stream. When fish swim,

B O

. water passes through the mouth, then ov_er the gill filaments. Durlng passage over the gills,

. !
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.Figm;e 1. .A, Tuna. B, Lantern Fish. C, Gulper eel. D, Tripod fish. .
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Figure 2. Lateral undulation.
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oxygen diffuses into the blood while carbon dioxide diffuses into the water. Most fish can
pump water through the gill by moving their gill covers. Under stress, exertion, or lack of
oxygen, the rate of pumping increases — the fish “pants.” Dr. John Cairns at the Virginia
Polytechnic Institute measures this response as a pollution indicator. Test fish are put in
individual tanks through which industrial wastes are passed. Sensitive equipment detects and
monitors the fish’s breathing patterns. If a toxnc substance causes abnormal breathln;,, the
monitor sounds a warning,. ‘

Survival in the marine environment is snm‘ilar to survival anywhere. Animals which are

best adapted survive; others don't. In the nekton, those which swim most rapidly or are able

to hide have the best offense/defense. Consequently, they can avoid predatlonand continue
reproducing. Quickness (squid, pinfish), schooling (menhaden, silversides, herring), and
burrowing (flounder, toadfish, stargazers, and skate) enable fish to avoid predation

~ (Figure 6). Countershading, a common coloration in which the top side is dark and the -

“underside is white, matches the bottom or surface depending on the.perspective of the viewer

(xamples are surface dwelling fish such as mullet, trout, drum, and croakers) (Figure 7).
Other fish are masters of camouflage, Pipefish resemble the grasses in which they live. .
Octopuses and flounders can rapidly vary their body color and knobby. appearance toadfish
look like the substrate of the oyster beds where they live.

Fish are the most abundant ‘members of nekton. Gulf Coast fish assemblages are among

- the most diverse as both tropical and temperate organisms occur. Fish migrate with seasonal
" and temperature change. Tropical offshore fish occur inshore. only durlng summer months

whereas ‘many temperate species occur inshore all year long. However, during winter

months all habitats show a reduction of species: ! Many fish migrate to deepev water, while

others migrate south and others may die. , . 5 "\,’
“In addition to temperature distribution, salinity is also a major factor lnfluencxng the

: dxstnbutxon of-fish. Most fish are strictly marine and need salinity similar to that of the ocean

35%.. However, some fish can adapt to the lower salinities of sounds and estuaries.-Marsh
killifish, which are of freshwater origin, aré able to live over a wide salxnxty range (fresh water
to full ocean water). Mullet, spot, croakers, and juvenile sea trout are examples of marine

fish which can tolerate salinity lower than that of the ocean. ’

VOCABULARY

baleen—the horny material growing down from the upper jaw of large>plankton-feeding
whales, which forms.a strainer or filtering organ.
cartilage—a strong, pliable supporting: tissue in vertebrates.

- coral reef—a chain or range of fragments of corals, coral sands, and the solid lxmestone

resulting from their consolidation lying at or near the surface of the water.

‘countershading—a color pattern where the top side is dark and the underneath lxght when

seen from below the anlmal blends with the surface; when seen from above it blends with
the bottom. - v ‘
crustaceﬁg,-—a class of _the arthropods; these organisms consxst of common marine anxmals
1ncludmg shrimp, crabs, water fleas, barnacles, etc. .
diffusion—random movement of particles resulting il their movement from a region of .
greater concentration to a region of lesser concentratx\n : ‘-

' .dlssolved oxygen—oxygen -which is found in a water solutlon The amount of dissolved
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ofygen in water depends on the physical, chemical, and biochemical activities that occur
in the body of water. ‘
dorso-ventral undulation—the up-and-down vertical movement which is characteristic of
marine animals,
estuary—a relatively small body of water that is set off from the main body of water and is
affected by the rise and fall of the tide. Estuaries contain mixtures of fresh and salt water.
filter-feeding—the process of taking food from water as it flows through the animal’s body.
gills—organs in fish and other aquatic apimals which are modified for absorbing digsolved
~oxygen from water. e . ‘
habitat—the place where an organism lives.
jet propulsion—propulsion in one dxrectlon by a )et of water that is forced in the
~ opposite direction.
" lateral undulation—the ‘side-to-side swing of the animal’s tail, usually including the sway of
the whole body. . -
mollusks—soft-bodied, mostly marine animals, usually enclosed within a hard outer shell of
calcium carbonate. '
nekton—actxvely swimming animals, such as fish.

- pelagic—inhabiting the open water of the ocean rather than the bottom or the shore
plankton—drifting organisms in the sea. ‘
predation—feeding of one organism upon another orgagxsm:
. salinity—a measure of the total amount of dissolved salts in sea water.
~ schooling—a well-defined social organization of marine animals consisting of a smgle spec:es
with all members of a similar size. ‘ : ,
scull—a method of maneuvering in which the fins or flippers are moved i m a back and forth
manner, similar to propulsion by use of oars. ' ;
~ sound—a body of water which occupies the area between a mamland and an xsland
substrate—a surface available for living things. i
temperate species—organisms which are adapted to changing seasons.
tropical species—organisms living approximately between latitudes of 23° 30 north and - ,
south of the equator; they are adapted to warm temperatures with little season differences. -
water column—the area from the water surface to the bottom. o , ;

-




VOCABULARY ACTIVITY FOR CONCEPT B

The following activity is based upon key words taken from vocabulary definitions that you
have studied in Concept B. Use these clues to solve the crossword puzzle,

1 10 2 1 L2
EEEES L4 16 | -
3 1K] 4
p
5
! 6 ]
| | |
J 8 !
| | |
7 | l
L 9 | |
L ,
L]
ACROSS | DOWN |
1. Contains mixture of fresh and salt water 10. Adapted to warm temperatures
2. Method of movement 11. Open water of the ocean .
3. Feeding , - 12. Color pattern - )
4. From water surface to bottom 13. Actively swimming
5._An organism’s home 14. Chain of particular fragments
6. Supporting tissue 15. Filtering organ
7. Class of arthropods 16. Surface available for living things
8. Absorb dissolved oxygen '
9. Social organization of certain animals . .
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CONCEPT C ‘

Intertidal organisms are adapted to the environment in which they occur.
Objectives : ' 4 .

Upon completion of this concept, the student should be able:

a. To name four animals which burrow and four animals which attach to solid objects.

b. To name one adaptation which enables a marine animal to live in the intertidal region
at low tide.

¢. To compare and contrast methods by whnch sand and mud flat animals obtain oxygen
while buried in the sand. ) ‘

d.  To explain how “salt glands” are useful to bpmhnu

‘. To prepare two wet mount slides without assistance from the teacher.
To explain how the process of osmosis operates.

4. To examine the characteristics and behavior of an organism that can be found in the
intertidal zone—the snail.

-

| INTERTIDAL ORGANISMS AND THEIR ENVIRONMENT

Or;,amsms that live between the high and low tide levels of the seacoast Face one of the
mobt rigorous physical environments on the face of the earth. Not only must they tolerate
alternating periods of immersion in sea water and exposure to air as the tides rise and fall,
but they must also face great changes in temperature (tidal, daily, and seasonal), wave energy
(calm to storm conditions), and salinity (full stfength sea water to fresh water during low

tide rains). The organisms that inhabit this rigorous environment provide dramatic examples
of adaptations demonstrating evolutlonary solutions to environmental problems.

The Gulf Coast’s coastal zone contains a variety of intertidal benthic habitats including
exposed beaches, sand and mud flats, and sheltered salt ‘marshes. Organismal adaptatlons
to these three habitats will briefly be dlscussed :

Sanmdy Beaches o - .- ]

Some of the organisms inhabiting sand beaches of the Gulf Coast are illustrated in Figure
1. Some of these animals are of commercial importance (Flounder, blue crab, clams); others
are familiar_to even casual beach visitors (sand dollars, hedrt clams, mole crabs, and sand
plpers) and others are seen only by visitors who seek them out: (Donax or coquina clams, bristle
worms, ghost shrimp, and ghost crabs). All of these animals are adapted to the environment
in which they occur, but the adaptations are qunte obvious For those living in the sand” of
intertidal zones. '

Usually. the most dramatlc physncal feature of the sand ‘beach efvironment of the barrier
islands is the surf that breaks on its surface. This severe wave action is somewhat limited in
the sound because of the presence of the barrier islands. On the protected beaches storms
provide the most waves and do cause changes in the surface. Sand beach biota must tolerate
the force of these waves and the shifting sands that they create. Thus, sand beach biota of the
south beaches of the barrier islands are good burrowers. The most obvious burrower is the
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Figure 1. Llfe on a sandy beach along the Gulf Coast Although strong zonation is

mole crab, Lmerita, These small crustaceans can be seen hmvmr, about mpully within the
wave's wash zone. When about to be stranded by the receding, wave, they bury themselves

, r.\pully in‘the water soaked sand. Similar behavior is illustrated by the Doy clam (coquina)

although its small size makes it less obvious to casual observers. The similarity in the behavior
of both clam and mole crab illustrates the efficiency of rapid burrowing as one solution to the
problems of living in a sandy beach. Another, less casily observed solation to these problems
is decep burrowing. This solution is demonstrated by both worms (lugworm) and crustacea
(ghost crab). These animals usually live in protected beaches or sand flats, and their
burrows are so deep (up to six feet for the ghost crab) that their présence is usually
indicated only by the mouths of their burrows and the piles of characteristically shaped fecal
pellets surrounding them. Dedicated collectors can capture these animals by digging deep
holes, an exercise that will convince even the most doubting student of the lengths to which
-animals will go to escape the environmental rigors of the beach surface.

v e thst

’ Venus _ \Lugworm
Silversides clam

v Hea'ft clam

\ sFlounder Sand dollar

Olive

Vo

absent, organisms still change on a gradient from land to sea. (I) Supratldal
Zone: ghost crabs and sand fleas; (II) Flat Beach Zone: ghost shrlmp. bristle
worms, clams; (III) Intertidal Zone; clams, lugworms, mole crabs; Y
(IV) Subtidal Zone: blue crabs, sand dollars, silversides.

Redrawn from Smith, R.L., 1966. Ecology and led Biology. Harper and Row,

p. 236. '
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Intertidal my.ml sis that jnhabit sand .md mud flats show less obvious adaptations to their
Imlnmt-. than do the inhabitants of sand beaches, However, they do have adaptations to
“survive desiccation when they are exposed to the air at low tide and to cope with oxygen
depletion in the water, One of these adaptations was demonstrated by Professor A5, Pearse
of Duke University who showed the relationship between the location of crabs in the
intertidal zone and (1) the number of gills they possess and (Z) the ratio between body and
gill volume, This relationship is illastrated in Figure 2 . Crabs with fewer gills and a larger
body volume to gill volume are better .ulaptul to tolerate long, periods of exposure than are

s those with many gills and a small ratio of body to gill volume. In addition, semi-terrestrial
crabs have modifications for holding water in the gill chambers to allow them to tolerate
terrestrial habitats. You can understand the problem of water loss via gills that aquatic
animals have when exposed to air. (Humans lose water fromy their lungs also as seen by the
condensation when you breathe on a glass on cold damp days.)

Another adaptation occurs in sand and mud flat animals which burrow for protection.
They face the problem of obtaining oxygen as water in sediment usually has no available
oxygen. Thus, clams have evolved long siphons which extend to the surface. Worms build
tubes through which they create currents carrying oxygenated water. Both tyQ'es of animals
must “hold their breath” or close up during periods of low tide (Figure 3).

Salt Marsh

Higher plants also illustrate adaptations to intertidal existence. The flora of Gulf Coast
salt marshes provides useful examples. Salt is the most obvious problem for organisms
living in the sea. Relatively few higher plants have solved this problem as there ar¢ only 30
species that can live in sea water. Those that have solved thé problem are often important
sources of organic matter production in the coastal zone. The most striking feature of salt
marshes is the zonation of plant species at different distances from sea water. The general
pattern of this zonation is illustrated in Figure 4. This zonation reflects the tolerance of each
species to inundation with sca water, i.e., those that live closest to the sea have evolved the
best mechanisms for toleratlng, frequent sea water immersion, those that live closest to land
have less effective mechanisms. The best known of these adaptations is the presence of “salt
excreting glands” in the salt marsh cordgrass Spartina alterniflora. This plant usually occurs
in areas flooded by water with a higher salt content than is found in its cells. Normally, in such
a situation, water formed inside the plant would tend to move outside by osmosis and the !
plant would die. Spartina altvrmﬂor{r however, has developed special “salt glands” on its-leaves
that help it to excrete excess salt’ and control the water content of its cells. This ability to live in

salt water permits the estabhshment and the expansion of this species mto estuarine
...salt marshes, ' ' . ‘
i altvrmﬂora also has adaptations to allow its growth in oxygen-poor marsh muds.

sy

~genimeters in the mud the specms has developed air passages in the stem to permit the
-\df/f‘usxon of oxygen from the plant surface to the root system. Large gas spaces are also
found in the roots. ' »

Animals inhabiting the salt marsh exhibit adaptations similar to thoseé found in animals ,,?-'/_-7
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No. Of | Body ‘1o Gill
Gills Ratio
Ghost crab (Ocypode) 12 0711
NCHIGH TIDE Square-backed crab (Sesarma) | 1o odid
Fiddler Crab (Uea) 12 10:1
LOW TIDL | |
o e N Stone crab ‘ 18 341
LT IR (Menippe)
o e U NG Blue crab o 23]
Lo s TR IO (Callinectes)
)

Figure 2. Gill reduction ratio in crabs from terrestrial to marine species.
Adapted and redrawn from Mauldin, L. and Frankenberg, D., Unit Three:

Coustal Ecology. 1978 (Marine Education Materials System, No..000607.)
. ,:V‘:}“.x‘ G

S8
Y

Figure 3. Sand flat adaptations. A, Razor clam (Tagelus) showing long siphons and foot
._for burrowing. B, Parchment worm (Chaetopterus) with body modification for
creating a current in and out of the U-shaped tube. C, Blood worm (Glycera)
creating a current by waving its fleshy appendages.
Adapted and redrawn from Mauldin, L. #nd Frankenberg, D., Unit Three:
Constal Ecology, 1978 (Marine Education Materials System, No. 000607).
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Figure 4. Idealized salt marsh zonation typical of the

5. Spirtina alterniflora and mud snails.
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jnhabiting e mud at, This i doe to alternating wet and dey bidal periods T’ fact, many of
the same animals livee in bothcarea, e, fiddler ceabe, worms, and damé, Thiee spediens of
il common to the salt marshy, oconpy different zones due to their tolevance to. ubnmiersion,
The common mud snal, Nae it ceawls on the muddy Hoor of marsh pools, scavenying,
detritus, (11 you po to the mar-y, drop some dead fish on the mud during the Towering, tide
and wateh the mud siails converpe on i) The small browicana, Afelanpre, an aiv-breather,
inhabits drier areas of the salt marsh exchusively prazing on plant detrtue, Marsh :
periwinkles, Littoring, also aie breathers, are among the most casily observed sk e they
migrate up and down blades of salt marsh cordgrass prazing on attached alpae (Fipure 5).
Melampu snails, perivinkles, and mud sn. ik all possess opercala or “trap doors” wlmh pre-
vent drying outsanid dlso provide protection,

Thus organisms have an array of adaptations' enabling, them to tolevate the figorous
conditions of the intertidal zone, These adaptations involve behayior (eackand maesls
animaly), morphology (intertidal crabs), and phyaiulu; y Galt marsh plants), v

o

, - VOCABULARY

y aquatic mumnl-~-~.m animal tlmt Im in thv water,

barrier island—a long, narrow island parallel to and not far from a mainl. nd coast. The island
is composed of material heaped up by ocean waves and currents.

benthic—living in or on the ocean floor, : ' -

biota—the mmmumtv of organisms of a }'IVCH region. ‘

crustaceans—a class of the arthropods; these organisms consist of common pnarine animals,

“including shrimp, crabs, water fleas, barnacles, cte. .

detritus—very small particles of the decaying remains of dead plants and animals; an
important source of food for many marine animals.

diffusion—the transfer of substances along a pmdwnt from rcgmns of high concentration
to regions of lower concentration.

estuary—a relatively small body of water that is sct off from the main body uf water and is
affected by the rise and fall of - thc tide. Estuaries contain mixtures of fresh and salt water.

flora—plant population of a given area; predominant marine flora are floating,
phytoplankton, attached nearshore algac; and marine grasses.

¢« gills—organs’in fish and other aquatic .mxmals which are modified for absorbing, dlssolvcd

oxygen from water. : ‘
«gill chambers—depressions in which gills are Iomtcd _ o,
habitats—places where organisms live.
. _ intertidal—in the marine environment, the arca of thc shore that is periodic lly uvcrvd
. and uncovered by water. - ' (] : ,
‘morphology—a study of form and strmturc of individual plants and anfmals. § ..
mud flats—a level tract of land at little depth below the surface of water, or .1|tcrn.1tely: -

covered and left bare by the tide.

opcrculum a hard covering of the gill chamber in Flbh; also, the plate which covers thc
opcmng of some snail shells. '
osmosis—diffusion of matcrml across a semi- pcrmc.lblc membrane.

- -
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oxygen depletlon——a state’in wh:ch the_normal amount of oxygen has been lost ina body of ¥
~ water by heat, respiration, decay. - . ‘
" physiology-=the’study of. function of parts of: lwmg thmgs
» salinity—a measure of the total amount of dissolved salts in seawater . - :
: salt ‘marsh—flat land sy ?Ject to overflow by salt ‘water. The vegetatlon of salt marshes may/
" consist of grasses or even shrubs. ' ,
, sand flats—a level tract.of land that is covered by sand. This land is only'a llttle below the B
- surface of the water, or it is alternately covered and left bare by the tide./
o sxphons—tube-llke structures: of many clams and snails which take ‘water into their body
 where it is filtered for food and oxygen, and also pass out water with excrements S
‘sound—a body of water which occupies the area between a mainland and.an island: '
zonation of plant species—organization of a habitat info more or less parallel bands of plants
cas a result of dlfferences in env:ronmental condltlons within the habitat.

£}

VlOCABULARY ACTIVITY FOR CONCEPT C

Usmg the letters of the alphabet given below, complete the words. All words are related to-

Concept C. Use each letter .only once, placmg it on.a dash space. Cross off: the letters as you - i
use them to help l<eep tracl< ' . ’

.
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o f _.
o Act1v1ty OSMOSIS -

When ‘the environment ‘is changed how does-this affect the l<mds of orgamsms found
_in-a community? This question can partially be answered by, placmg living organisms in an -
altered environment. Today, we shall place two different living plants in an altered chemlcal
env:roﬂment We shall alter the environment by the addition of salt to an existing aquatic
' ¢ommunity. Then, we will observe the effect as demonstrated by the organisms being used.
In our mvestlgatlon we will be using sodium chloride as the solute. When a cell is placed in -
" an envirénment where the solute outs:de of the cell is greater than w:thm the cell, the -

. .. TR 2
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‘:_aVai‘lable water will flow outside of the cell. This will cause immediate shrinkage of the plasma
B membrane and eventual death of the cell. This osmosis will be direct diffusion from a higher
'~ coficentration of water molecules to a lower concentration.of water molecules When the
plasma membrane shrinks away from the normal turgid condition it is called. plasmolysis.

- In this investigation, the quantity of salt will be varied to observe the effect of different
quantitie§ of solute on organisms: The variation of solute will simulate the variable salinity of
estuarine systenis. The organisms that are able to survive in changing enyironments must
" have mechariisms to compensate for these changes. This fact alone dictates the diversity of
living orgamsms found in many communities. : :

" The two plants selected for your study today are the elodea water plant and the white
potato. The'elodea plant will be used so ‘that you will be able to verify the cellular effect of a
_changing environment and. the potato will be used to permlt you to quantlfy the effec} on a
' ‘larger organism. '

t

Materials (group of 2 students) " _ o e | ,

. Part | — 2 white potatoes, (6) 250 ml beakers (100 ml) 5% sodlum chlonde solutlon,
(100 ml) 10% sodium chloride solution, (100 ml) 12% sodlum chlorlde solution, (100 mil):

15% sodium chlonde solution, (100 ml) dlstllled water, balance glass marklng pencils or *

labels, paper towel metnc ruler

e
2

Part 11 — elodea sprlgs mlcroscope rmcroscope slide, cover slip, water, medlcme dropper '
(5 ml) 5% sodlum chloride selution, (5 ml) 15% sodium chloride solutlon dlStllled water,’
‘ paper towel . ‘

”,

'Parn S L .

\ . e

Take. the potato and cut eighteen pieced that measure 2 cm x 2 cm x 1.ém each. Place the

- pieces in 6 stacks of three and .weigh each stack. Now place each stack-into-a dlffeeent beaker
containing the specified solution. In the beakers place the followmg in beaker 1 place 100 ml -

of distilled water, in beaker 2 place 100 ml of tap water; in beaker 3 place 100 ml of a 5%

~ sodium chloride solution, in beaker 4 place 100 ml of a 10% sodium chloride solution, in beaker

- 5 place 100 ml of a 12% sodium chloride solution, and in beaker 6 place 100 ml of a 15% sodium
chloride solution. Permit the- potato slices to.stay in the beaker about 25 minutes, then’
remove the potato slices and blot them quickly and weigh'each stack. Record all data on the
table accompanying the investigation. Indicate on the table the various changes if any
occurred. Note any changes in the appearance and texture of the*potato slices. _

i

—

Cw .

Explaln
" Do you ‘think that the length of exposl.;re time could haye any effect on: your potato

‘ 1nvestlgatlon7 . :
Why did the salt not move lnto the plant cell to counteract the rapid outward movement of

l

water?




2 6 . Data Table for the Change in Mass of the Potato SllCES

Beaker Beaker . | Beaker ' 'Beaker | Beaker |~ Beaker _'

1o 2 3 4 - 6

4

Initial - -
* . Mass in grams " : _ o S . I‘

“Final - v » ‘ _ .
.Mass in grams | : : ‘ . _ Co

Increase
in Grams

Decrease t

~in Grams

Does the amount or'quantity of the solute seem to make a difference?

‘Explain how this kind of plant might survive in each of the six environments.

1. 100 ml distilled HZQ — - —g

.

2,100 ml tap H. O,

LT
..,

3. 100 ml 5% NaCl soln. _

4. 100 ml 10% NaCl soln. _

5. 100 ml 12% NaCl soln. _. _ '

. . : 1

6. 100 ml 15% NaCl soln. _ : - R

o

" Part ”

_ Prepare a wet mount slide of a fresh elodea leaf See illustration below. See Figure 1.

- On low power, fmd a section of the leaf where you can focus on ifidjvidual cells, and then
switch from low to high and center one complete cell if possnble Now place a drop of the 5% -
salt solution along one edge of the cover slip. Draw the sodium chloride across the slide by-

. using a piece of paper towel on the edge of the opposite side of the cover slip. If you need more
solute, use another drop as you develop your technique. e
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ObserVe the cellular structure microscopically as the solute moves across the viewing field.

a3

: What do you note?

" Now try to reverse the process Can you think of a way? _

Try it. Did yoo cause a cKange in-the cell?

~ Name some of the cellular structures.you were able to observe in the elodea leaf cell.

Now repeat the above mvestlgatnon usmg the 15% sodium chloride solution. Were the

o

results the same? _ Explain -

Flgure 1. Diagram of methodology used in preparing a wet mount. Exercise care in
preparation of- this shde so that air bubbles will not be trapped under the
cover slip. o
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' VOCABULARY-®

community—a naturally occurring group of orgamsms living ifva partxcular area.

diversity of organisms—the large number of different kinds of organisms that have varying
characteristics found in a particular area. ,

environment—the surroundmgs of an orgamsm ‘ o ’ o,

~ estuarine ecosystem—a complex system of exchanges of matenals and energy between
living things and their environment, the estuary

osmosis—diffusion of material across a selectively permeable membrane .

plasma membrane—the boundary which separates a cell from its env:ronment

plasmolysm-—_—the shrinking of a cell due to loss of water. '

‘solute—the_dissolved substance in a solution. _

turgid—a cell which is stiff due to the water pressure inside the cell.

Activity: SNAILS—COMMON INTERTIDAL INHABITANTS

- o . ' . . » -

Many snaxls may be foundin. themtert:dal zone along the.Gulf Coast. In this mvestngatnon
you will be allowed an opportumty to collect some of these and study. thenr behavier~.

Snails belong to the group of animals called mollusks that possess a smgle shell. Whelks,

-~ conches, and moon shells are found in water near the barrier islands. Less familiar, but
extremely importanf'eCologically, are the tiny hydroid snails that occupy estuarine mud flats .
in large numbers. The marsh periwinkle (Littorina trrorata) is very abundant along the coast-
line.in’ Juncus'and Spartina marshes. ' :

Economically the most-important gastropod is. the oyster drill (Thms haemastoma). This snaxl
is a predator on the Mississippi oyster reefs. Thais requires a high salinity and when the
salinity increases, the snail invades the reefs and causes extensive damage.

Snails are of significant trophic and economic importance. They provide part of the diet of
many ‘marine fish, birds, and mammals. Before you begin your study of snails, refer to the

. sketch of a snail in Figure 1. Note the important anatomical features. After familiarizing
yourself with these features, go out and collect several snails. You should remember where

‘you find them because they were probably found in their natural habitat. Place each $nail ina
different container for study purposes Each group should have at least four different kinds
of snails. o '

Materials (per student pair)
Part 1: 4 different kinds of snails, 2 hand lens, 1 microscooe 4 snail containers, 2 culture
bowls, 1 lettuce leaf, 1 metric. ruler, 4 razor blades (single edge) '

. Part II: Littorina and various freshwater snails, 3 inch square glass plates bottles of India
‘ink, small paint brushes, glass or plastic containers large enough to hold a glass plate,
varnish (optional) . - ' : :

Q
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mantle
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- mouth
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gills

" digestive
~ gland

E _toin;ich
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~ - rectum
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Figure 1. A, Ventral view of a snail. B, Crosg-section of a snail.
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Part | . | o | T C

Prepare a chart for your snails for easy recording of ldentlflable features that might be
important in its survivai. As you proceed through the investigation, record all material that-
“might seem pertinent. Refer to the section at the end of this activity which provides pictures
and descriptions of some of the snails that you may have collected for help in identification.

Snail Chéracteristics:

Snail Snail  Snail Snail

Natural
Habitat e
) W

Type of
Shell

. Special
Anatomical
" Feature

Size

Color

Type of . , _
_ Spiral | o , : i

Niche |

Name:
Common &
Scientific

o a ‘

b



Part 11

Take each snail out of its container and place it on.a flat surface at your laboratory table.
Leave it there for a few mmutes What do you observe:

=

=3

Snail 1 Snail 3
— -Snail 2 "~ : ~ Shail 4 -
Part 111 ’

. Prepare a razor blade “cage” and place it in a container of water (Figure 2). The water level

" should be over the snail when it is placed on the wood surface of the cage. Fasten the razor
blades with melted-candle wax so that they extend about two millimeters above the flat
surface of wood. See the diagram for correct construction of the razor blade * ‘cage.” Now
place one of your aquatic snalls on the wood space and observe the snail crawl out of the cage.

A3

7/ How did the snanl get out of the cage?

Explam how thls must be possnb]e
Try to observe the snail’s foot and determme if thns actnvnty has harmed the snail in any way.

How do ‘you account for this behavnor?

Figure 2. Razor blade cage. A, Top view. B, Cage placed in a pan.
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Part 1V

The rqdula is important to both herbivorous and carnivorous snails since it is used for’
~ obtaining food. This structure functions in a raspipg fashion, that is, it dislodges food material
along the surface of rocks or other materials by means of a scraping process. The food

material collected in this manner is directed mto the mouth of the snail. The radula is some-
times difficult to see in a living snail; however, we can observe the results of the action of the
radula through preparation of “radula tracks”. Ohtam a piece of glass, a bottle of India ink,
and a small paint brush from the supply table. Paint the piece of glass and allow it to dry
thorpughly. Dependmg on the type snail you use, put the painted glass in a dish of salt water
or fresh water. Place one or more snails on the surface of the glass. Make observations for the
next 5-10 minutes or longer but do not disturb the snails unless they move off the glass-plate.
Describe what happens and then make a drawing of what you see. ’ -

- Working with your partner and using the observations that you recorded describe what
the radula must look like within the actual living snaxl :

o>
.

If you were to use a different snail in your experiment, what would the new radula tracks

look like? Would they losk the sz_:rheasthe previcus set?

Upo.n' what facts, observations, or other data do you base this conclusion?

You may .preserve your radula tracks by removing the glass plate from the water, allowing it
to air dry, and applying varnish to the glass.

PatV. o -

Place a piece”of lettuce close to one of your terrestrial ‘snz;ils avn'd,,try to determine if it will

_try to eat or not. How does the snail eat?

Haw does the snail use its small radula?

'Watch the other sthtures as the snail eats. What do y@ observe?

. There is a reddish bulblike structure msxde the head
just behind the jaws that you mlght see. This muscular swollen part of the digestive tract is -

called tie fuecal mass. Watch itas the snail eats, if you can see it. What do you think it does?

- Now pick up the snail and hold it close to the llght with the shell opening toward you. Can
you see any movement of t /glzzard7 It is a reddish four lobed structure contanmng sarid
grains. What do you think.ke fu’ncthn of the sand grains are?

Some marine snails have specnal adaptlve structures that allow them to live in the marine

env:ronment Can you name some of these adaptations?

» 5
¢
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You will find the descriptions of several of the more common marsh and coastal terrestrial
snails in the following list. ' ‘

Snail Descriptions . -

A. Flat-coiled Land Snail (Polygra albolabris). (Figure 3A). This is one of several varieties
of common flat-coiled land snails found in the United States. This species ranges over
most of eastern and central United States, dwelling in moist woodlands. It is found in dark
places such as on' the undersides of tree trunks lying on the forest floor. These snails are
. reported to be vegetarians and use their rasp-like strap-shaped tongues (radula) in grinding
up fragments of the plants on which they feed. Part of their mantle cavity is modified into
respiratory organs. The scentific name of this species (albolabris) refers to the "white lip”, the
broad white margin around the opening of the shell. It would be interesting to gather a large
number of your local flat-coiled snails to see how many dlstmctly dxfferent kmds you can fmd
in your locality.
B. Salt Marsh Snail (Melampus Indentatus) (Figure 3B) The full-grown adults of thns tiny kmd of .
common snail are about 1 centimeter long. Young ‘specimens show spiral stripes. These
' s,naxls are found in numbers throughout marshes from Nova Scotia to Texas.
.These snails are reported to crawl up the stems of swamp grasses to escape the rising tides.
At low tide, numbers of snails may be seen moving over the mud during the warmer months
.of. the year. : :
The scientific name of this species (bidentatus) refers to the fact that two tooth- hke Struc-
tures may be seen near the bottom of the shell on the inner lip or columella.
C. Common Mud Snail (Nassarius vibex) (Figure 3C). Adults of this snail are slightly more
than, % inch long? These snails are very common along-the bay edges and subtidally. In some
localities collectors find 'many shells of this snail washed up on the beach. This snail is
reported to be a scavenger ordinarily. The shells of these small snails provide homes for
hermit crabs that have recently settled from the plankton.
D. Lettered leve (Ovaa sayana) (Figure 3D). In addition to the moon snall the lettered olive -
is a very common snail in the intertidal zone. Oliva forms a beautiful shell of shades of
green and may reach a length of around 5 centimeters. This snail is predaceous, and -
glides along just beneath the surface of the sand. As they push the sand around their
shells, they leave a trail. The front part of the large foot is modified for efficient burrow-
ing. The lettered olive extends its foot and pulls the shell forward. As Oliva moves, its
golden-patterned mantle almost completely covers the shell. This probably reduces
friction with sand particles during movement and protects the shell from abrasion. This is
another example of animal adaptations for population survival.
Oliva preys on small smooth-surfaced clams and Donax which it probabl)) smothers
with its Iargg foot. The lettered olive laysits eggs on the surface of the sand in transparent
capsules. The capsules, which contain from 20 to 50 eggs each, burst when the larvae
emerge. (The eggs usually develop into larvae within a week.) After leaving the capsule,
the larvae assume a planktonic-existence until. metamorphosing into adult lettered olives.
E.. Oyster Drill (Thais haemastoma) (anure 3E). There are many snails called oyster
drills, but the most common along the northern Gulf Coast is Thais haemastoma. It can
be found along the beaches of ‘the sound as well as the beaches of“the barrier islands. It
can be seen during low tide as it moves about. When tht? snail is dead, the shell’_provides a-
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_ home for one of the hermit crabs Thais is best known as an oyster predator, but it will
attdck other bivalves as well. Thefe are some differences in the shells of Thais organisms
found in the Gulf. This has caused some zoologists to form subspecies. Because there are
so many intermediate forms, it is doubtful if they should be given subspecies rank.

F. Common Atlantic Auger(Tm'b}a dislocata) (Figure 3F). This organism possesses a
very pretty little shell that washe/é up along the Gulf Coast very frequently. It crawls just
under the sand surface and may/leave a bulge in the sand surface. Terebra is a carnivorous
snail and it apparently has a ve:ﬁom which it uses to capture its prey. ’

. / . SEy

E. E. Common Atlantic auger

Figure 3.
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G. Periwinkle (Littorina irrorata) (Figure 4A). This snail lives ip’: the intertidal zone wherg it
is frequently found in great abundance clinging to the stems of the salt marsh plants. Its
food consists of plant material. The edible snail of Europe is closely related to this species.
This snail inhabits a range extending from New Jersey t:o': the Gulf of Mexico. At some
_remote time in the past, possibly when climatic conditighs were different, it survived
farther north, and today its shell is commonly ‘found in the peat beds of Connecticut on the
Long Istand Sound shore.Some claim this snail occuf% north of New Jersey, but if this is
so, it is quite possible the snail was reintroduced mto the area along with seed oysters
from the south. /
' H. Moon Snail (Polinices duplicata) (Figure 4B). Full brown adults have shells about:
two iriches high and three inches across. The foot of this snail is tremendous when
expanded, and it permits rapid burrowing a few inches below the surface of sand. The foot
covers an area almost four times that of the shell. This"'Snail is a serious enemy of soft-
shelled clams in New England where it is very common. When this snail expands its mantle, it
covers its shell. This protects the smooth shell from corrosion. No living moon snail has
“worn-out” shells like the common mud snail. Collectors find: that many of the smoothest
and most ‘perfect shells come from snails that can cover their ‘shells with their mantles. It is
reported to be quite unselective in its food preferences, and Frequently is reported a
scavenger. It is sometimes cannibalistic since it will drill through the shell and eat its own ..,
kirid. Curiously enough, this active-snail is blind and yet it can certainly find its prey. This
remarkable ability is probably due to a highly developed sense of: taste.
I. Whelks (Figure 4C, 4D). There are some whelks that grow larg’e'in the Gulf. Two of these
are Busycon contrarium and Busycon spiratum. They are easily distinguished one
from the ‘other because the direction of coiling of the shell is different. Busycon
contrarium coils to the left; whereas, Busycon spiratum coils to the right, as most snails
do. The bodies of the snails also differ. The flesh of Busycon contrarium is black. '
These snails are carnivores and feed mainly_ on other small mollusks such as the jack-
knife clam (Ensis minor) and the southern quahog (Mercenaria compechieysis). The
whelks wedge the shells open and gradually open the clam’s valves. Once the valves of
smaller clams are opened the whelks rasp the flesh away with their radulas. /
These snails lay their eggs in disclike capsules. There may be as many as 50- 175 Ve
capsules in'a string. The string is attached in the sand and is this anchored to the bottom.
Sometimes these strings of capsules are stranded on the shore and beach combers call them
a “mermaid’s necklace”. When the whelk eggs: ‘hitch, the young pass through all of their
larval stages ‘within the capsule. When the snails eventually emerge from the capsule, they
resemble miniature adult organisms. - : ;
]J. Quarter Deck Shell (Crepidula fornicata) (Figure 5A). Fully grown adults of this specne are
about 3.8 centimeters long. Shells of these snails are frequently washed up on sandy beaches,

i _but quarter deck snails can only live under water. They live an inactive life attached to oysters

or pilings, and feed in the same manner as oysters, filtering out the minute organisms in sea
water. These snails are also called double-deckers from their habit of piling up, one on top
of another, in chains of up to six or eight individuals. Another common ‘name for this snail .
is boat shell or slipper shell. These snails were introduced;into English waters from America,
and became a serious pest by smothering oysters besides competing with them for the food
. supply. They are not considered important enemies of aysters in our area waters. This may
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” A. Periwinkle

C. Busycon contrarium,
a whelk

D. Busycgn spiratum,.
a whelk

Figure 4. Common snails.
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A. Quarterdeck shell .

B. Channeled whelk .

Figure 5. 'Common snails : - _ .

be because- their numbcrs are checked by the oyster drnlls S ) \
K. ‘Channeled Whelk (Busycon canaliculatum) (Figure 5B). This large snail reaches a L
maximum shell lcngth of 18 cm. The channel encircling the top of the shell along the line of
, ‘suture gives this species its common and scientific name. These snails are reported to be
aggressive feeders, overpowering and devouring mollusks nearly as large as themselves.
Indian wampdm was cut from a part of the shell of this snail. The channeled whelks live in
marine waters from Cape Cod to Mexico. The flesh of the foot of this snail is very tough, but
it is sweet and edible. Chopped yp into small particles, the foot can be used in making; an excel-
lent chowder. Empty shells of t\\\e channeled whelk, the knobbed whelk, and the moon snail
are used for housing by some of the larger hermit crabs of our waters. These snails are not

common cnough to be unport.mt pests of commercially valuable mollusks.

,
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 VOCABULARY * -~

i :

adaptatlon—the process by which a species becomes better sulted to survive in an
environment. . .
anatomy—the study of the structures of organisms. ' L
“bivalve—a. mollusk possessing a shell of two valves hinged togethcy includes
clams oysters, and mussels.
cannibalism—the act or practice of dny animal eating its own kind.
¢arnivorous—of or having to do with animals which prey on animals.
.columella—xn g,astropod shells, the central axis of the shell around which the whorls are
: sp1raled
fuecal mass—a reddish bulblike structure 1nsrde the head of a sna1l )ust behlnd the ;aws
~ This is part of the digestive tract. ' : :
: grzzard-—ran organ in the d1gest1ve system of certaxn organxsms wh1ch is modified for
_ g,rrndxng food. - '
“herbivorous—of or having to do w1th ammals that are adapted to feedxng on plants
~ line of suture—a spiral line, or groove, where one whorl joins another. . :
~mantle cavity—the space between the mantle and the rest of the body in mollusks. '
mollusks—soft-bodied, mostly marine animals, usually enclosed wrthxn a'hard outer shell -
of calcium carbonate. * - ' :
niche—the particular way-in which an organism obtains its food ang\ts\cts, an organlsm ’s.
‘way qf life. ' ) .
oyster drill—a shelled mollusk Wl'\lCl‘ obtalns its food by drilling a h'ole'in an oyster shell and
digesting the oyster. '
peat bed———partly decayed orgamc matter formed in bog_,;,y areas where hlgh acrdxty and a lack
or oxygen limits decomposxtron =
. .radula—a rasping torigue-like organ used by mollusks to graze algae and break up. food.
' scavenger—an animal which fee¢ds on the dead remains of other animals and plants.
spiral—revolving; as lines going in the d1rectxon of the turmng of the whorls of a sna1l shell

o

_terrestrlal—lxvmg on land. - e N e

\

‘CONCEPT D

Coastal habltats are deﬁned by physlcal characteristics such/as water: depth sal1n1ty, and

-wave energy and 1nclude organlsmslwlng as benthos nekton, and plankton &
SN , . e

'Ob}vrhves T a7 ‘ . ' ' *’ll;)
L ‘ S
07

Upon completlon of thxs concept,. the studént should be able: -

L.

' J a. To label a shore prohle as supratidal, 1ntert1dal or subtrdal _
b. °To label on a water column dlagram where you would expect to find plankton nekton,
and benthos-
“To list the two nla)or types of coastal habitats. .~ * )
"To distinguish between eprfauna and infauna. o o
“To- explaln how the process of zonation helps marine organxsms avord tompetition..

oA




COASTAL HABITATS

Coastal habitats occur at the land/sea interface. Differences in the physical, chemical,
and geological conditions create the dlver5|ty of characterlstlc habitats. Along the Gulf Coast,
 the coastal environment is simplified by the absence of natural rock, so that the coast ¢
* line consists of sedimentary features shaped by the influence of the ocean and land
«  runoff. A transect from rivers seaward to barrier islands crosses a wide diversity of habitats:.
freshwater rivers and swamps; sounds and estuaries; salt marshes; oyster reefs; mud, sand,
and grass flats, dunes and beaches. The defining factors are concentration of salinity,
~amount of energy . derived froar,p waves and currents, degree of exposure to air, and type of
bottom substrate. Within the coastal zone, these environmental conditions vary to such .
- a degree as to produce a. dlver5|ty of habitats and organism ihhabitants.
~ The Gulf Coast's coastal habitats can be divided into two major types: the aquatic or
water column and the sea floor or benthic habitats. Water column environments are
classified mainly by salinity, ranging from the open ocean: (W|th salt concentration of
35%o) through brackish water (area where fresh water. runoff dillites sea water to about
10-20%0) to fresh water rivers ‘and streams with no salt content. Benthic'environments
'ivary according to substrate—hard bottom (rocks; reefs, and pflings,etc.) and’ soft bottom
(spectrum of. sedlmentary materials ranging from fine silts and clay to coarse sands). The
‘organisms that inhabit water column environments are classified-as plankton (plants and
_ animals moving passively W|th the water) or nekton (anlmals svwmmlng actively through
water). The organisms of benthic environmients: are d|V|ded into, eplfauna (lwmg on or
. attached to the sea floor) and mfauna (llvmg burrowed into and through the sea floor)
(Figure 1). - - - : P
To survive, all l|V|ng things need to obtaln food, excrete wastes, reproduce, and be
\protected from predators. Marine organisms of the coastal zone have evolved interesting -
) adaptations in order to carry on these functions. For example, menhaden (Figure 2A) a type
: of schooling fish, have elaborate gnlls to strain food from the water while copepois, small
planktonic crustaceans (Figure 2B), have feathery antennae adapted for the same purpose..
Many aquatic animals are generally similar in that they excrete ammonia in their-urine, and
- distribute large numbers of eggs and sperm with little parental care for the young. The body
shape of planktonic anlryals shows. adaptations for buoyancy in the water column, such as
spines and body wall extepsions, to increase their surface area. Nektonic animals typlcally v
have torpedo shapes well suited for propulsion through the water. Benthic organisms have.
bodies specialized for attachment to and borrowing through the sea floor (Figure 2D and 2E).
Organisms of different life styles like the nekton, plankton and benthos have obviously -
differing adaptatlons’-Organlsms ‘with, 51m|lar lifestyles have. generally similar adaptations
but differ in details. If two organisms were identical, they would be competitors and, in
theory, the superior competitor would ellmlnate the inferior one. This ecological principle of
competitive exclusion is phrased as “No two species can occupy the sanie ecological niche at
~ the same time.” Consequently, filter-feeding menhaden are very similar to fllter—feedlng
.» anchovies, but menhaden ljve primarily in coastal water while anchovies primarily inhabit
- shallow portions of estuaries. These two specles are S|m|lar, but live in different places
:"5'~'(F|gure 2C). L ' : '
- 4 Another method for avoiding compet1t|on is zonatlon Intertldal space provndes a grada-
tion of exposure to air and surf. On hard substrates (reefs or pxllngs) examlnatlo&/eveals 4
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nekton

- epifauna

infauna

u

“Figure 1. Marine benthic é’“d aquatic habitats. - : :
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A. Menhaden

B. Copepod
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that different animals live at different heights above the low tide line. On the Gulf Coast, '
oysters usually occupy an area near, and slightly above, the low tide line; barnacles occupy an
area in the middle to upper intertidal; and blue green algae, snaile;; and some crabs occupy a
zone near the high tide level. Similarly, on soft bottom sand beaches sand dollars, olive shells,
" " and heart clams occupy the low tide position; lugworms, bristle worms, and ghost shrimp

occupy the mid-tide level; and sand fleas, ghost crabs, and insects occupy the high intertidal
and supratidal levels, Sand beaches also have migrating organisms like mole crabs and

" coquina clanis (Figure 3-4) that move up and down with the tide staying in the swash zone -
produced by breaking waves. Zone distributions reflect physiological tolerance limits and

- biotic interactions of the species involved. For example, oysters cannot tolerate as much
exposure to air as barnacles and thus cannot live as high in the intertidal area. Biotic inter-
action is shown when two species of barnacles settle in the same area. One species grows
under the edge of the other species and “pops” it off the substrate, thgs producing zonation’of
barnacle species through competition. ' ' o

N

Figure 3. Coquina clams (Donax).

These snails continuously burrow. °

s

Figure 4. Beach hoppers. These organisms dig burrows for use in the day,
’ but abandon them at night in order to search for food.

S
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. VOCABULARY '

adaptations—changes in the organism that enable it to survive in a particular
environment. -

‘benthic—having to do with the ocean bottom.

benthos—organisms living on the bottom, e.g., crabs and worms.

biota—plants and animals. :

brackish—less salty than the ocean; estuaries are brackish because fresh river water
mixes with salty ocean water.

buoyancy—the property of floating on the surface-of a Inqund

copepods—a group of minute crustaccans that have rounded bodies and oarlike
swimming antennae. ° .

dune—a hill or ridge of sand piled up by the wind.

epifauna—animals living on the bottom, ‘cither attached to it or'moving freely over it,
such”as crabs. :

estuary—a relatively small body of water that is set off from the main body of water and is

~ affected by the rise and fall of the tide. Estuaries-contain a mixture of fresh and salt

water. ' :

filter-feeding—the process of takmg food from the water as it flows through the ammal s
body." '

habitat—place ‘where an organism lives (lts address); salt marshes are one kind of habitat,
beaches-another.

infauna—animals which burrow into sand or mud, such’ as clams. :

intertidal—in the marine environment, the area of the shore that is perlodncally covered
‘and uncovered by water. = /.

land/sea interface—the area where the land and sea come together, the coastlme

menhaden—a marine fish that has a large hifd' a deep compressed body, toothless .
jaws, and bluish silvery scales. ' - :

nekton—actively swimming animals such as fish.

oyster reef=a:narrow ridge of rocks, shells or sand on which oysters attach for

subsequent growth and development. ¢ .
plankton—small* Organisms which Float in the upper Iayers of the water column, drlftmg
with the current. "'\ ' o : .

salinity—a measure of the total amount of dissolved salts in seawater.

salt marsh—flat land sub)ect to overflow by salt water. The vegetation of salt marshes

~ may consist of grasses qr even shrubs. . )

sedimentary features——those features which are formed from deposnts of sediment.

sound—a body of water which occ pies the area between a mainland and anVisland.

substrate—the bas¢’on which a plant or animal lives. For example, barnacles attach to
" hard substrates like pilings while lugworms prefer soft substrates like sand flats.

supratidal levels——the area of the beach that lies above the tide line. *

swash zone——the section of the beach over which the sea washes.

water column—the area from the water surface to the bottom.

zonatlon—dnstnbutnon of orgamsms along a gradlent

-"‘ | -
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- .
.



VOCABULARY ACTIVITY FOR CONCEPT D

The grids in these puzzles, when solved, will yield a defined term related to Concept D.
The letters under the column below the grid go ifnto the boxes directly above them. Your
job is to decide which letter goes into which box. As you use a letter, cross it off. Note
that some words are continued from one line to the next. The end of a word is indicated
by a black square.
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Activity: POPULATION PRESSURES AND SUCCESSION
lN A LABORATORY COMMUNITY

Introduction ¢

Most people in the United States have plenty to eat. In fact, we are confronted with a
surplus of fmd crops. But in most parts of the world there is not cnou;,h food to
go around. ~

Most people in-the United States are not especially crowded by their neighbors. In fact,
some states have large areas where settlement is invited because more neighbors would be
welcome. But the world as a whole is already beginning to feel population pressures for space,

These matters of adequate food supply and living space are among the major problems
which world governments must solve in the very near future. But scientists believe that
among lower organisms food and space have been major problems for a much longer time
than for man. Can we determine whether the number of individuals in a small laboratory . .
community of plants and animals is governed by food supply and. living space? Can we also
find whether populations will change from one kind of 6rganism to another if competition
" for limited food and room favors one organism over another?

s .

Approach to the Problem

1. Fill a battery-jar or similar convenient container about one-half to two-thirds full of dead
grass and cover the grass with pond water. This mixture is called a hay infusion. Keep the
battery jar covéred with a glass plate. Why should it be kept covered? Keep a daily record of
what you do and see starting with the day you set up the experiment. :

2. Examine the jar every class period. Prepare a wet mount in the following manner:
use a medicine dropper to transfer a drop of the culture to a slide and cover the slide with a
cover ‘glass (Figure 1.) Examine the wet mount with a microscope, changing the amount of
light as you do. Do this twice a week or more often if you can.

At first you will see only bacteria, if anything at all. (1) What i¢ the significance of bacteria

in the water? (2) Do these bacteria appear suddenly in large numbers or do then‘ populations

increase gradually?

" The next kind of organijsm to appear in the infusion will likely be an animal called a
paramecium (Figure 2), but it may be-some other ciliated protozoan. (3) Does the number of
paramedia increase suddenly or slowly? - ' ‘

3. At about the time the paramecia become abundant prepare three clean quart jars or
similar containers by putting 1 gram of plain gelahn in the first, 3 grams in. the second, and
10 grams in the third. If weighing in grams is impractical, the gelatin can be provided with
sufficient accuracy by placing 1/4, 1%, and 5 level teaspoons of gelatin, respectively, in the
three j jars. Fnll the jars with distilled or boiled pond or tap water to about an inch from the top
and mix the gelatin with the water. Withdraw 30 ml of liquid from the hay infusion. Agitate it

to distribute the organisms efeply and add 10 ml of this liquid to each jar and cover with a

loose-fitting cap. :

You now have three jars with equal quantities of water, i.e., equal living space, and essen-
tially equal populations of bacteria and paramecia but with different amounts of food. Your.
problem is to see how food supply affects the numbers of organisms in a controlled habitat.

4. Notice which jar becomes cloudiest. (4) What‘causes the cloudlness? Stir the contents of
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air bubbles

Fxgurc 1. Technique used when preparmg a wet mount. Exercise care in preparation
S of this slide so that air bubbles wxll not be trapped under the cover slip.

¢

'/ Figure 2. Paramecium.- —~ -~ 7 o '
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. :
cach jar every day and examine a drop of the liquid from each jar with a microscope. Count
the animals in cach field and compare their numbers, If they move too fast to count, you may
prepare traps of gotton fibers or use a drop of methyl cellulose on the slide. This will help
to slow the organisms so that you can count them. )

Cum'lj{lsiuns :

1. (5) What comparison can you make between the relationships of food, bacteria, and
“the animals and corresponding situations with humans, especially in countries such as
India and China where large familics are common?

2. (6) How many days passed before you noticed any lifetin the hay infusion? (7 ) How
many days passed before the first animals began to disappear? (8) Would these animals be
replaced by others? (9) Where did these organisms come from?

3. Most of the preceding questions can be answered directly from your observations.

“The rest of them can be answered by looking in reference books and by asking your
teacher. Organize the data you have obtained into a scientific paper explaining the

problem and its solution. N .
Activity: HOW IMPORTANT IS THE HABITAT TO SURVIVAL
OF THE ORGANISM. : =~ . .

Freshwater habitats include those found in running water and t;hose‘found in

standing water. The running water is ally identified as the freshwater stream;

~ whdreas, the standing water is idcntiii?:m the pond. The water found in streams differs
in séveral ways from that of marine water."Fresh water streams unsually:have a smaller
volume, greater variations in tcmperatures, less salt or mor;,m:m mgpeml content,
greater light penetration, greater suspended material content and greater plant growth
than the marine counterpart. . R

Just as found in the marine habitats, the orgamsms Found in these freshwatcr habitats
show many structural adaptations. Some of the moré obvious adaptations would
include organs for attachment such as suckers or :,pecmllzed appendages, adaptive
shapes for creeping under stortes or a 1 very, streaml;pcd body to w:thstand the strong
stream currents. NI " N :

The dwersnty of orgamsms f0und in eaqh oft t§ stream habitats is very great. In the
rapids, such organlsms as: eaddlsﬁy blackfly larvae, snails, darters, stone fly nymphs, or the
water penny larvae may beé found (F"I;ure 1.

In the pool habitats a different fauna will be found. Various minnows, mussels, dragonﬂy ‘
nymphs, snails, crayfish, ﬂatworms, leeches, and water striders will dominate as predictable
species in slower water. Many.of these organisms may\sven burrow into the mud or '
sand bottom. ‘ N

Ponds will-provide a third major freshwater habitat. In this body of water there will not be
a vxslble current. The quantity of vegetation will vary, but it is almost always present in some
quantities. The variety and quantity of plants will be much greater than in the other two
freshwater habitats. : o :

This large quantity of plant materml provndes an excellent habitat for many organisms.

In this environment the benthic fauna may be characterized by large numbers of snails,
mussels, larvae of flies, beetles, dragonflies, many kinds of crustaceans, and. many kinds of
frogs. The nekton or swimming organisms might include many varieties of wéter,bu.ﬁ‘s,
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- turtes, and fish. Muskrats and beaver may inhabit some of the larper ponds. Because of the

large quaantity of plant food many birds will also be attracted to the pond habitat, The most
characteristic birds would include the ducks and blackbirds. )

A portion of the fauna and floga of all freshwater communities will always be the .
plankton organisms. These planktonic organisms will be microscopic plants and animals stich
as protozoans, crustaceans, rotifers, small worms, dh\lum», and other forms of algac.

In the following activity you will observe some of ll\(- plankton forms found in a freshwater
habitat close to your school. '

Objectives R : : _ .
Each student should be able:

a. To identify four habitats in a local freshwater community. .
b. To collect plankton samples from each of the habitats.

¢. To identify dominant forms of plankton in each habitat.

d.  To make comparisons of planktonic forms from each habitat.

e. To state adaptations that seem to be necessary for survival in each of the habitats,

Materinls o

plan“kton net (1 per Clasg), glass container for plankton sample (2 per group), glass slides

(4 per student), microstope (1 per student) "

Y

Procedure

Select the freshwater communit+ [ivide the class into groups of four to speed up‘the
plankton collection from each of the four habitats. The habitats to be examined will be: the
shallow water zone where the water depth is around six inches, a rooted aquatic plant zone,
the top zone of the open water, and the deep water zone in the open water area.

Each groupshould be assigned to make adequate collections from one zone. An ddequate
sample might be aBput four pulls of the plankton net. Each sample should be placed in a clean
glass container and'labeled as to the habitat sampled.

All samples should be returned to the laboratory and each person should be given a samplc
taken from each of the sludy sites. Using a clean dropper, samples should be takén and
examined under the microscope. As organisms are identified each student is to complete the
data table that is fcpund ,o‘p the following page.

Referénice materials's may. be used in identification of unknown species. Many of the
common planktomc forms are illustrated in this activity (Figures 2-5). Undue effort should
not be placed on correct identification because the observable structural featurcs will be
more important in makmg comparisons in the various habitats. A

This activity is not intended to determine exact quantities, thus under the “Frequency of
Organisms” column you may use such words as very numerous, numerous, several, few, or
very few. e



O

ERIC

Aruitoxt provided by Eic:

Shalloo water

o inches or less

Sketch characteristic
shape of organisms

DATA TABLE

Frequency
of organism

Common
nanmnwe

'

Most unusual
characteriggle
i

K
T

Role'in

conununity

.tn

“Top of open waler
first 0 inches

o
N

_

Deep open water
belowe o inches




DATA TABLE (Contil)

Portion inhabued Dy
vorded wyrtec phint

Sketch char, Aacterintic F'iequency Contian Maoat unusual Role m
h e of nn AT of orpaniums nane haracterintic conumuty
! A
5 ,
3 )
-1
5 ,
What scems to be the most common structure found in each of the habitats?
Open water—top ' i —
Open water--deep S ' :
Slmllow . . .
N R
) Rooted aquatic : \ ,
2. How do you .\LCUUIH for the survival of the most common organisms in-cach habitat 2.

"Open water—top . I

Open water—deep

Sha"ow

Rooted aquatic
3. Do you feel that the organisms you found are str uuumlly adapted to the habitat in which
you found fhcm? — ~

4. What other factors may also play a role in the survival of an organism?

~

5. How do you think these organisms would differ from a marine plainkton sample?

\
1
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: Why. are plankton so impbrtaht to any aqUé‘tic 'h'ab'i;tat?
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G. Sﬁgeoclé;xium'

o 1. Volvox. -

domonas . .~

P 7 8
CL " . W Y

AT J1LBLY
a3 ElLmE FEY LS

 Figty el ,'_Pla‘nktonic-'f_.bxms. B

3 ‘ L .

ERIC

Aruitoxt provided by Eic:



Aruitoxt provided by Eic:

ERIC™

El

e .

A. Spironomas
. . * {';

-B. Collodzfc'tyon% - C Coloponema

A
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F. Rotifer - . G.Rattulus |

Figure 3. Pl_ankfonic forms..
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Figure 4. Planktdnié forms.
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VOCABULARY ;

adaptatlons—changes in the orgamsm that allow it to survive in a partxcular environment.

benthic—having to d® with the bottom. :

community—all of the populations of organxsms ina partxcular area. * : :

dwersxty of organisms—the large numbers of different klnds of organisms that have varying
“characteristics found in a particular area.

environment—the surroundings of an organism. . A

fauna—the animal life occurring in a particular locality. ‘ - '

flora—the plants or plant life occurring in a particular locahty

habitat—the place where an organism lives. '

nekton—those animals that are active swimmers such as most adult squxds, fxsh and
marine mammals.

plankton—small plants: and anlmals ﬂoatlng in the upper layers of the: ‘water column.

| Activi‘t%fbDIVERSITY OF ORGANISMS.IN AN AQUATIC HABITAT

We are familiar with many frogs, turtles, mu&nows crayhsh and mlcroorganlsms in
fresh water communities. Are there other organisms also there, and if there are, what are .
they? These are questions that we mady, never have considered. There are many large .
organisms. Where do they get'their food? These are some of the questions that may be .

- answered as you participate in the following activity. You will be lookmg for other organisms
that usually remain hidden due to their life style or adaptation f3r survival. These organismis
may be larval stages of 1nsects that you are very familiar with. You may be surprised at the -
creatyres you find. 7 e

Objertives :

To collect and identify macroscopic organisms found in a fresh, water habitat.”

To observe differences in organisms that may inhabit the same habitat.

To develop expertise in using the dip net to collect in an aquatic commumty

To 1dent1fy some of the interwoven links of aquatxc food webs e ‘ ,

Lt e e —— .. . o

Mntermls (per group of 4 students) - S

——-1-dip net; 4 hand lenses; 2 containers- for- transport{,__F'organlsms 2 dxssectmg microscopes, ™
reference books on aquatic organxsr&sg

. ' . . .
‘ : '
Prored ure ‘ . v 3

ol . 3

. : oA
Locate a water source (whxch may be a pond or running stream. Take the dip net.and pull it
along the bottom until you have a sample of the mud and bottom debris and detritus. Toss the
bottom sample up,on the shore and sort through the debris for living creatures. In this
activity you may find many different species, but any smgle habitat usually has its own -
unique fauna. You will make an effort toward identifying several of the endemlc organisms |

‘to the partlcular water body o0 o ' .
) N . o e R . : S
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Complete the data table as best you can. It may be necessary for you to use other refer-

/jnce books that will hélp_you in a complete identification of the organisms whlch&you find.

You will find several organ ms pictured in the exercise. This will help you find the correct
‘category to which your specimen belongs (Figures 1and 2).

. DATA TABLE

Organisms that were taken from S ____on

o

The condition of the water was

o Specimen Major Animal - Approxnmate Predominant |Number of |Mouth | General | Unusual

Group to which Size" | Color Legs . | Type-| Body | Features
Animal Belongs _ ' _ : Shape o

[ .

Were you able to observe gills of any sort on any of the specimens?
. : . o Y,

- Which ones? : - e

.
Were the majority of organisms you found herbnvores or carnivores?

Why do you think so? ___

a

How do you account for the diVeréigy of organisms found in this single habitat?

g yan
g .
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VOCABULARY

~ aquatic—living in water.

community—all of the populations of orgamsms in a partncular area.

detritus—very small particles of the decaying remains of dead plants and ammals, an

" important source of food for many marine ammals

endemic—confined to a certain area or region.

fauna—the animal life occurring in a particular locality.

food web—an interlocking system of food chains. Since few animals rely on a single source of
food and because no food source is consumed by only one species of animal, the separate i.
food chains in every natural community interlock and form a food web.

habitat—the place where an organism lives.

“

L,

Water scavenger

Giant water bug

~Figure 1. Common _freshwater_orgaﬁ‘isms. '
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3 i _
3‘0 : ,'-» o
White sucker

a

larva = Spotted salamander

eggs L
tadpole = O3V
- -. - -Leopard frog--
_." C°"°‘t _ Pied-billed Grebe Sgndpipér—
Figure 2. Organisms found in or around fresh water. ' ' o
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' . CONCEPTE S

Coastal organisms and habitats function together to form an ecological system.

)
Objectives

Upon completion™sf this concept, the student should be able:

a. To diagram ? three unit food chain from a salt marsh, and three unit food chain
from the open beach. ' :

l? To diagram a ten unit food web of coastal organisms. 4
c. To name two types of food chains found in the salt marsh. -
d. To list and describe two of the three types of processes that link coastal habitats and -
organisms into an ecosystem. ‘
e. To describe two sources of nutrient supphes fot an estuary.
f. To explain why the tide is such an important mechamsm in regulating the coastal
. ecosystem. :
: . COASTAL ECOLOGY

In studying sea ‘evast ecology, scientists tend to separate problems into units like marsh,
beach, nekton, benthos. Marine ecologists who have done so now recognize three types of
processes that link coastal habitats and organisms together into ecological systems: (1) the
cycling of nutrients within the system; (2) the flow of energy through the system; and (3) the
" mechanisms that regulate the system’s performance. The material.presented in this concept
is an effort to show how habitats and organisms operate together in a single system. Such
an effort is necessary to the presentation of a balanced treatment of sea coast ecology.

(1) Nutrients are the chemicals needed to support plant or animal growth. Since animals
ultimately derive their nutrition from plants, ecologists who study nutrient cycling usually
focus their attention on major plant nutrients, i.e., phosphorus, nitrogen, and to a les¥er
extent silicon and sometimes carbon. The sources of qutrient supplies to the coastal zone
ecosystemn are varied and include land runoff, biotic (X(crehon chemical and microbiological
degradation of deposited organic matter, and oceamc water masses that are brought onto the
continental sHelf by currents.The mixing and partitioning of nutrients from these sources
is a key process in integrating coastal habitats and organisms into a unified ecological system.
For example, a nutrient atom such as phosphorus from river runoff may be taken up by .
estuarine phytoplankton that serve as a food source for salt marsh mussels that excrete the
atom onto the salt marsh surface. Hence it' may be taken up by sea grasses that eventually die;
wash into sounds, and are deposited on the sea floor. Microbial degradation liberates the
phosphorus atom back intothe water where it can be taken up by other phytoplankton.
 They’may serve as food for menhaden that migrate away from the Gulf Coast to be caught

-and :Bgverted{? fish meal that ultimately ends up on someone’s dinner table. Thus the use
and retise of an atom of phosphorus as it passes through a coastal ecosystem is a mechanism
for linking organisms and habitats together. This linkage can be broken at any step, but there
appear 'to be many linkages operating in parallel so that the general process of nutrient
cycling continues even though specnflc pathways may be blocked. Thus nutrients that
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support.ecological systems are always available, although changes in the kinds and amounts
of nutrients may create changes in the écological system.

(2) Energy is the capacity for doing work. In biological-systems the most important energy
sources are sunlight and its derivatives (the organic chemicals made from sunlight through

‘photosynthesis). Energy, unlike nutrients, does not cycle from one component of an i

ecosystem to another; rather, energy flows from one ecosystem component to another and
is degraded at each transfer until it reaches such a dilute state (heat) that it is no longer
useful to biological systems. This can be demonstrated by trophic pyramids. '

Energy flow integrates ecosystems despite its unidirectional flow and dissipation througF L
the food chain. Probably the best example of coastal habitat linkage is found in theenergy.
production role of salt marshes. Salt marshes produce a crdp of plants annually justlike a |
hayfield. This crop s fertilized by nutrient-rich estuarine waters and harvested by tidal ~
action at.the end of the growing season. In Georgia and Louisiana, there is strong evidence
thiat salt-marshes are the major photosynthetic unit for the entire coastal ecosystem. This
relationship is diagrammed in Figure 1 showing the flow’ of organic matter through, and _
away from, a Georgia salt marsh habitat. Note that 45% of the organic matter produced by
photosynthesisin a salt marsh is exported from the marsh to the surrounding aquatic ¢
portions of the coastal ecosystem. This exported organic matter is a major contributor to the
food chain of estuarme and nearshore waters, and thus serves as a mechamsm linking these
habltats together into a unified ‘ecological system. '

" High salt marsh productwnty described for Georgia and Louisiana does not occur .
uniformly in all salt marshes. There is now evidence that some salt marshes in New England
and New York actually take up more organic matter from their surrounding waters than
they contribute. The marshes for which this is the case have artificially restricted tidal circu-
lation and occur in areas of shorter growing-season than in Georgia, but this new information
needs to be considered when deciding if all. marshes should be protected from dgbelopment.
On the Gulf Coast, marshes low in the intertidal zone and regularly flooded by\the tides
contribute organic matter to the surrounding waters whereas high, occasionally flooded

marshes do not. The ecological role of these high marshes is not.yet well understood.

(3) Méchanisms regulating an ecosystem’s performance can include a wide spectrum of ¢
physical, chemical, and biological phenomena. We cannot describe the spectrum of these

- phenomena here, but we can provide one obvious example of each type that operates'%o

regulate the cosstal ecosystem of the Gulf Coast.

The most obvibus physical mechanism regulating coastal ecosystems of the Gulf Coast is
tide. Tidal range regulates the distribution of organisms in the coastal zone; tidal currents and
ranges regulate the occurrence of such habitats as mud flats, sand flats, and.marshes. They

~ balance export.and jmport of organic matter by mfluencmg the energy available for

harvesting marsh production.

The most obvious chemical mechanism regulating Gulf Coast ecosystems is salinity,
although dissolved oxygen and nitrogen supplies are almost equally important. Salinity regu-
lates the distribution of organisms according to their salinity tolerance. This role extends

‘from dune plant distribution (sea oats tolerate greater salt spray concentrations than do other

dune species) through almost all aquatic organisms to marsh plant distributions. The number

“of species occurring at points along an estuarine salinity gradient shows a marked decrease in

thy brackish water area (Figure 2) because few organisms are able to tolerate the changeable
salinity of estuaries. : N PR
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Grazer Food , .
Chains ~ Primiary Producers
5% organic ‘ '

matter used.

Crabs

Spidé’rs

Predatory insects

Salt marsh
55% of proquction kept-in
salt marsh system.

Detrfitus food chains
95% organic matter
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Phytoplankton

Aqgatic systems
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coastal waters.
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Freshwater
\ A

’

Estuarine

Increasing numbers of species

0O 5 10 15 20 25 30 35
_Salinity (parts per thousand)

Figure 2. Comparison. of the composition of fresh-water, estuarine, and

:  marine species with increasing salinity.

-4~ VOCABULARY

benthos——bottom dwellmg forms R .o

biotic—the community of ofganisms of a given region. : o

chemica] and mxcrobxologlcal degradation—the process of breaking down organic matter,
freemg elements such as phosphorus and nitrogen; usually involves bacteria.

coastal zone ‘ecosystem—a community of organisms found along the coast interacting with
each other and the environment in which they live. ‘

.contmental shelf—a zone adjacent to a continent or around an island, and extending from the
‘lower water line to the depth at which there is usually a marked increase of slope to greater-
depth. : : '

detritus food chain—a food chajn in which accumulated org,.%nic detritus is decomposed by

rganisms such as bacteria and fungi..Excrements of ahimals as well as decaymg, plant and

@%mmal material are considered detrltus A .

dlSSOlVEd _oxygen—oxygen which is found in a water solution. The amount of dissolved.
oxygen in water depends on the physncal chemical, and biochemical activities that occur ip
the body of water. . K

dune—a hill or ridge of sand piled up by the wind.

ecology—the study of the relationship of living things to their surroundmgs

energy—ability to do work and cause changes.

estuarine—pertaining to an’ estuary

~

. export and import—processes of taking living organic matter from a marsh and brmg,m;,
" organic ‘matter into a marsh, respectively.
flow of energy—the movement of energy throughout an ecosystem.
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grazer food chain—a food chmn in which living plants or plant parts are consumed directly.
habitat—the place where an organism lives.
herbivorous—refers to orgamsms that are adapted to feeding on plants.
intertidal zone—in the marine environment, the area of the shore that is periodically covered
and uncovered by water. - Lo
marsh—a tract of wet or periodically flooded treeless land, usually charactenzed by grasses,
cattails, or other monocots. : ' s
menhaden—a marine fish that has alarge head, a deeply compressed body, toothless jaws, -
and bluish silvery scales. ; :
mud flat-—a level tract of land at little depth below the surface of water or-alternately
covered and left bare by the tide.
mussel—a bivalve (2 shells) molluscan; clams, oyster, etc.
nekton—those animals of the pelagic dwnsxon that are active swimmers, such as most adult
squids, fishes, and marine mammals. :
nutrients-- chemicals needed to support plant.and ammal ;,rowth the majn plant nutrients
are phosphorus and nitrogen. :
joceanic water masses—bodies of water that can be identified by their temperture sahmty, .
and chemical content.
organic matter—any type of material that contains the element carbon,
photosynthesis—process of plants by which energy-rich organic compounds are made from‘
water and carbon dioxide using sunlight as the energy source. v
phytoplankton—the plant forms of plankton. They are the basic synthssizers of organic
matter (by phitosynthesis) in the pelagic division. The most abundant of the phyto-
- plankton are the diatoms.
productivity—amount;of organic material formed in excess of that used for respiration. lt
represénts food potentially available_to consumers. :
salinity—a measure of the total amount of dissolved salts i in seawater.
sand flat—a level tract of land that is covered by sand. This landis only a httle below the-
surface of the water, or it is. alternately covered and left bare by the tide!
trophic pyramid—another way-of. represenhng a-food chain, to take into consideration the ‘
volume of food consumed by each link in the chain. T
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VOCABULARY ACTIVITY FOR CONCEPTE

Listed below, in alphabetical.order, is a group of “pseudo-syllables”, that is, they are not
true syllables. Figure out the words by Gsing the definitions provided. You must then

assemble the word using the “svilables” list. Write th. . ompleted words in the appropriate
8 3 H pprop

0 ®No

carbon dioxide .using sunhght as the energy source.
A hill or ridge of sand piled up by the wind.” -
Animals that are adapted to feeding on plants.
The place where an organism lives. ' .
The study of thc rclahonshlp of llvm;, things to thcxr surlmmdmys

lines of the grid.  ~ ;e

ar _be bi di . du ec en e es es ra he hos ine s v ne

ne nt-ogy ol ol on. or os ot ox ph b ss tat th tu ved yg

)Yn N N .

\
1.
/
2 N 2 Y. ¥ 1 v . - 1 v . v v v
' 2

3.

4. _

5, , ’

- ‘ ' .

/. —_ !

N ‘ *

8. N

9, ’

»
.~ Defipitions: B

1s Anjmals that are active swimmers. L. 4
. K

2 Oxy;,en which is found in a water solution. e :
~ .

3. Bottom dwelhm, forms . oo o

4. Pertammg, to an Cbtuary ) . : !

5. Process of plants by which. cner;,y—ruh organic Lompmmds are made from water and

N
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Actnvnty {;

: u"‘

,NSTRUQ}TION OF:-’, NAaﬁTIEIC L ECOLOGICAL SYSTEM

P "

, {\‘{L L ';,‘
) ) ,, L ’l,}‘ . o v Iy
" s ,_(g\llﬁity where typrcal nutrmonal mteractlons car
n S S .
'_found.m a simple terrestrlal commumty
<y -.‘}’L\/ . o
Any bnologxca['é“cje,' n llvelemegnts of the blotlc pyramld wnth theymches '
- of the ez\bsystemib \4 -
. The producers,
? :
T txme Each orga f
°, Select one of ;he galloﬁ )‘ars‘ from:‘the nst
* table: JntQ the ;at‘ﬁplac,e.@o‘ﬂ}téﬂd ce \§ q e ected soxl type: After selectmg the’ sonl
" deci d ,JAP ugers youswa ;tﬁy t’_l'yoﬁr artificial community. You' may decide to plant
' ;ﬁlk‘”h%s”enﬁsfactorygshg you ‘decide on’this method: At 'the time you.are -,
) 'élu'e "x"s, t’hmk abdu' ' p’o‘éxbl '?consumers you. wnll place in your terrestnal
g «rer\ord your pre{gctloné in- the followmg table R T ,0 _ e
S .5 ' : RS
x’edlctlons of Nutritional Hablts of Orgamsms Selected f@r o
P i Artnfncnal Terrestrial Commumty R - -
v_sPredxcted Niche of Y . Predicted Pde Soufee_ "
Orgamsm LA o a -
G B
¥ Ch i
4 hw):) w 2 ‘
oo r._g - - ¢
% '\'.:r e
. : 'u. o 8 R " A .
T - . o u E * ° r
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’ Status of Orgamsms in the Terrestrlal Commumty

"Name | No. Started

-

No. Today

S

Observatlons

; Or.ganisn'i":.}'

N

Ly -

'Organism 4

", "Organism 5% K

- Organism 6. _|

,O""'r,ganis'm 7

° Organism*8 s

B I o .
Or_giani?m" 9. ' T -
A B ' > '.
. ' i -

Organlsm 10

?'a@

an

e

. ; L o
After completlon cgf the three week penod complete the blOth pyramld bx placmg the <
appropnate orgamsm m the varlous levels of the pyramld : ‘ Lo
4
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n O : b
~Listiany abijotic factors that you consider were important in-this community.
«Would the same factors play a role in a marine ecosysgtem?
i w a . I
Explain S : i
- Construct a food web for your artificial community. How do y6u direct the arrow?
AR ‘ | 4 _ _ ' . : .
- .@ ——
v L4
. ¥ v ‘
. 3
'_’ > . ‘ . .
>
£
B
LS '
.- List two food chains tha€/you were able to observe in this activity. -

Now think about a marine food chain. List: Qiganisms for a marine food chain. .
RN 0 o \ PR oo ’ ' .

G ) ) . ‘ . ‘ . ‘ Sy )
Different students selected different soils for their

“effect on the organisms in those communities? >

. \ - ':". ) ) . . . '44.‘ .

s

Do you suppose that there. would be different organisms foghd in’ different mar"in'e équatig

communities? _ ~_ Explain : - : SR .t

o

Lt . 0 T
\\ . B .‘
76 - e
B ot . ) ' = - o . 8,: : ) . . ' e Yoy
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., among various ox;,dmsms o ; / :

.;.éonsumer——llv hings which- obtain food from other oxﬁamsms - e S

. dccompOser—- rz_,amsms that break down the tissues .and. excretiOns of ‘other or;,amsms et

L into simpler’ substances through the process of decay. " . co

. ecosystem———a commumty of organisms mtc racting with each othcr and the envn"ronmenh

. in whlich they, hve S : Lo

food cham—-—-the“transfer of the sun’s energy from producers to consumers as organisms
‘feed on one an&fher R : - : ‘

i ' food web—complex food chains exnst‘mg"wnthm an ecosystem , SRR

mche——th)? functional role of an, orgamsm as well as the set of physlcal and chemncal factors
which l/mlt its range of exnstencea: " : -

producer—a lleg thmz., that can make its own food

tcrrestrlal commhmty 'all of the pOpUlatlonS of organisms ina parthular_ area that live

-

e P -

"

a # '
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- AT lS THE HEST USE FOR MARSH BEACH T [i‘/ '

A Marme Envnronmcntal Slmulatlon Game
: ' . g '..A ! ‘
."A s S R . .

Durm;, this mvestlg,atlon you are oing to participate in a snnulatlon game conccrnm;, ‘
land use in a hypothetical community, analyze what you have done, and present’some idgas
‘which will enable you to think criticallypabout real environmental issues in your tcammunity.
Thc techmqucs you are.to use are those of simulating real issues, and combining the clement s
of role-playing. You will asstime ‘the roles of decision-makers in a simulated envirpnment and,
compctc for certain ob)ectlvcs according to specified procedures and rules. A
The major problem of this simulation activity will be: to decide what are some of the N
s possnble uses of the 3 mile (1250 acre) Marsh Beach Wthh the city has recently purchaSed (.
at-a cost of $3 million. Ve
Y
Pml l - s-_ S

o

Ior thc next 10 mmutcs you are to read: the background mformatlon for Seaport Clty, and
o llst some possible uses of the vacant MarshtBeach’ area, The Marsh Beach area, which was
held by the' Lonely, Estate Trust since its ow% dled in 1903, has been purchased by Seaport
&ty to prevent it from falling into the-harid3¥f developers before the fity planmn&, board
has anopportupity to dec|de how the. property can best- bnneﬁt the city. .

. ‘v'.-. . N S s
B o 2

: Background Informatxon Sheet Seaport Cxty

i
Gl

- The populatlon is 250 000 and rapidly mcreasmg e .
.- Thecity's b0undar|es are being extended, but the suburban f'nnge is expandlng even more -
rapldly, alonga the coast and up the river with’ mdustry movnng in ad)acent to the interstate

hlghways o o \
) . The- rapid growth is accompamed by deh{ands for more houslng, more jobs, addltlonal RS
?‘ mumc;pal sarvices, and recreational areas. W T

“'7» + The city’s harbor is ‘the best within a ‘hundred mlles Though its present harbor facllltles

" are adequate, with good ‘rdil and hlghway links, the CW must be mamtamed by dredgmg
 and will not’acc ;modate the new supertankers.
The surroundlv '

v ; chastal plag’{" glacnal till and-is. mgstly becond gro%th‘hardwood forest
with little timber value. There are# few scé@tered dairy and poult‘fzﬁfﬂrxms,,but most-agri-
cultural produce is ‘shipped in frofh other p[a}ts of the country}”The land“to thé north is- hllly
with coniferous forest.

The

.'earwater River is not navngable beyond the Old Mdl Da:,m )txst n r‘th of Interstate
“iwater supply comes from the Clearwater Reservoir vyhlch has protected water
elow lntérstate 2 the water is used by several |ndustr4es as’ﬁﬁﬁcess water. T
Offshore seismic surveys indicate the presence of possible depoﬁts of sand and grav -
Sleum. Special interest groups art concerned with malntamlng a scenic coasta%nron— ;

vd'the coastal fisHeMes, . -~ . i S 3 N Y
esent sewage. ‘treatn ent and solxd waste dlsposal facllltles are operatlng at maxxmum

capac:ty ’ o '

The city plannlng board is going to hold a pubhc hearlng at whlch all |nterested groups

‘ w1|l be glven the opportunlty to air thelr propoﬁzls for the utlllzatlon of the Marsh Beach area

e




List possible uses of the Marsh Beach area below:

cw

a» . v
N T = 7
\ a P g
va
b .
’
.

. S
. -
} B

pos

@ Clearwater Reservoir

n » ) “.‘.ﬁ:' i
“ N Marsh Jeach ™

&

Lonely }. - - .-
Lighthouse Estatey o k8

° T
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o

Your group should now, in a 10 minute period of time, analyze and list possible
"*onbequcnwb,of different land uses wnthln your assigmed land use category. '

C ] . .
Use® Advantages to landlp_uoplu I Disadvantages to land/people
Lo ' ' ' .
:~ ) ’ oo - . K c . ] : e
- . AN ’
.‘l ' .: )
4 .
2y
. s L] N !
® 4,0 B
. [
. 5 - % Ml
A ! b ." o
{ -
. S Y L . .
) .. ““I “' L ‘.' 3.“
. 7 T .
' te 9 "
Part III »

who, |
nake e , Lo

You( g,roup hw have 20. YmmL};tes to- plan a stmte;,y and develop a 3 minute ,
. presentation tw: hmde at'the nextCity Planning Board meeting. The- presentatlon shQuld
" 'bea propogal fo@evelomng the und eloped Marsh’ Beach area. Your group must have a
visual display sufft;As $land use‘miap drawing as a paritpf your presentation. Morethan one
~person in your group muy8t help i makmg the presentatlom :On a separate sheet of paggr
0uthne 'your group’s presentatlon S o ;

Heeny

o '»';
b D e .
B A A

‘1dent|f|ed at least three basnc

" - o -

-,
o %."

What was the clearly dehned problem in the Marsh Beach Snmulatxon?

~—’b. - What _fé(:to'rs.in'ﬂuenced the decision"in the Marsh Beach Simuvlation? .
| [ ¢
. (T 7 . .a : 'h , . )
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c. We assigned groups to fit each role in the Marsh Beach Simulation, but we all
helped develop those roles from the items we listed on the chart. What group or
individual roles were identified? How were they identified?

. r
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REFERENCES
Marine amd Estuarine Ecology

, WHY CLASSIFY
~ Kaskel,
. Colu

CONCEPle B, C, D E
David, C. c‘:‘:m marine and<fresh-water plankhm Mlthlpan Mmhxray@ .

.ot al, Laboratory biology: investigating living systems.
us Ohl() Charles E. Merrill Publishing Company, ]970.

State Umverslty Press; 195‘3 ' : e
Mauldin, L. and’ Frankenberg,, D. Unit three: constal ccology, 1978 R | o
(MaYmc Educational Materials System, No. 000607). e

Activity: -Snails — Common Intertidal Inhabitants

Some snails of tidewater Virginia, n.d. N
(Marine Educational Mategjals System No 00235).

=N

JActivity: Osmosis

o Hummer, P J., Jr. et al. [’robmg Ivvv@x[v Columbus, _Ohno ’ . , ‘
Charles E. Merrill Publishing Company, 19%6. _ et R

? "—'Amvnty 'Population Pressures and Succession in a Laboratory Commumty dg

{\»PII
Lawson, Chester A. and Paulson, Richard E. Laboratory and field studies in Inologj New
York: Holt Rinehart, & Winston, 1960

Actnvnty How. lmportant is the Habitat to Survnval of the Orgamsm7

BSCS. lﬂbomtory and field investigations, smdmts manual. Chlcago o o f
Rand McNally & Company, 1963. & ' .
'«Actlwty Diversity of - Orgamsms in an Aquatlc Habltat S o ¢

BSCS Laboratory and [wh nmshqatmns student’s mnnual Chlcago .
and McNally & Company, 1963. - . : -

Actlvnty Construchon of an Artificial Ecological System S S

" BSCS: lﬂborqlory and field investigations, student’s manual. CthdbO
and McNally & Company, 1963."

Actnvnty What lS the Best Use for Marsh Beach? 9 %\' | '

e

Shafer T A Iesson plan for a Iand use simultion vame, n. d
. (Manne Educahon Matenals System, No. 000088)
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.Blota(lc) 20 51, 71 e

.va.\lvcs 42, 46,7

-Buogancy 8,1
_ Cannibalistic(

Inc{ex

Adaptation 1,
55, 57, 64
Algae 31, 50, 57, 70
/\n.\tumy 38, 16
/\mlmvy A7, 49

20, 28, 31, 40, 147, 51,

Aquatic 11, 13, 39, 48, 57, 59, 64, 66,

09, 70, 76
Environments 7
Animals 28, 31
Arthropod(s) 18, 25, 31
Baleen 19, 23
Barnacle 31,.49, 50, 53
Barracuda 23
Barrier islands 26, 47
Beach hoppers 50

‘Bhthic 18, 26,.47, 58, 64

Organisms 7, 11
~ Invertebrates 7,
Benghos 47, 54, 70,

Pyramid 65, 72, 77
Birds

Blackbirds 57
Clapper. rml 70
Coot 67
Ducks 57
Goose 67
Sandpiper 26, 6

Brackish witer 47

" Diffusion 237\1

Mn\(: 20, 27, 28, 50 Black 55, 56
Square-backed 29 Caddisfly 5
,‘li'nnc 29 Dragonfly 57
(_r.nyhsh 58, 64, 66 L Mayfly 6 '
Croakers 23 i
Crocodiles 18
Crust .uc.\(n)a, 11,23, 27, 47, 57
Decomposer 75, 77 .
Detritus 30, 31, 64, 06, 70, 71
Diatoms 8, 9, 11, 15, 57
Centric 10
Pennate 10

Dinoflagellates
Dissolved oxygs

\che 38, 46, 75, 77
‘Nutrient 68, 75 . R
. N ) . ) ] . r‘.} . ‘ . -7

T ' 4
B //» .



Salts 1, 2
Octopus 18, 23
Operculum 31, 37
Organic 8, 11 P
Matter 69, 75
Osmosis 28, 31, 30 :
Oxygen depletion 28, 32
Oyster 8, 42, 48 50, 51, 75
.. Reefs 47,51 et
Paramecium 55 ' K
PCB's 8
Peat beds 43; 26
Pelagic 18, 24™
Pengains 18
Periwinkles (See snail)
Photic zone 8, 11
Photosynthesis 7, 11, 68,09, 75
Phytoplankton 7,8, 11, 08 70, 75
Pinfish 23 ™
. " Pipefish (See fish)
k. Plankton(ic) 6, 7, 8, 9, 11, 13, 15, 16,
e 24, 41, 17, 48, 51, 57, 60, 61, 62,

(ns) 8, 11, Lg,ss 57 .

Racceon 70
Radiolarian 9
pxd

Radula 40, 43, 46

Tracks 40
Rays 19 .
Rotifer 57, 61 :
‘Rush '
Black needle 30

72,73
Salt marsh(es)y, 26, 28, 29, 30, 31 32
©47,54,69, 70\ -

~ Salt meadow, hay 30
“Sanddollar 26, 27, 53
“""Sand flats 26, 28, 29, 34, 69, 75
- Sandpiper (See pirds)
»  Scallops 18, 2
" Scavenger 41, 46 R
: > . N

-
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ers (See fish), %25 R T

Salinity 1, 2K26 32, 36, 47, 51‘%0, .

v

Schooling 21, 23+
Scull 19, 23’ Lo

Sea horsds 18,23 -~ R
Seals 18 -+

Sea urchin 8, 101,0+
Bipinnarian larva‘10

‘Sedimentary features 47, S1

Sharks 18

CShrimp 8,31 ¥4 .

Ghost 26, 50°
Opossum 66
Silversides 23, 27
Siphon(s) 26, 30, 32
Skate 23
Snail 32, 36-44, 50, 55, 57, 67, 70
Brown 31
Channeled conch 36, 44,46 -
Comon Atlantic auger 42
Flat-coiled land 40, 42
Lettered olive 41, 42, 50
Moon 36, 41, 43, 44
Mud 30, 31, 41, 42
Oyster drills 36, 41, 42, 43, a6’
" Periwinkle 31, 43, 44
«, Quarter deck shell 43, 45
Salt marsh-41, 42
Whelks 36, 43, 44
Solute 32, 36"

" Sound(s) 22, 23, 26, 32 51 53

Spawn 23
Species 2, 4,7, 8

*

Spccnflc gravity 8, 15 Q

Substrate 16, 24, 47, 51
Supratidal levels 50,51 .

R

. Swash zone 50, 51

Taxonomyf(ic) 2, 5, 7
Key 5,7
Temperate organisms 22, 23
Terrestrial 28, 29, 40, 46
Community 74, 75, 77
" Toadfish (See fish) '
Tripod fish (See fish)
Trophic pyramids 69, 75
Tropical organisms 23, 24

Y. . ‘
‘ .

: . l
: Sea‘lB '
Undul'\tmn 4 . '
| Lhteratae, 2,0,'..3 22 A
= Porso-ventral 19, 20, 22

'V.\lvuu 8,13, 15

Water column 7, 15, 18, 24, 47, 51
Whales 19, 23
Baleen 23
Blue 23 ¢
Worm 31, 57 N
~Arrow 8, 10°
Blood 29 )
Bristle 26, 27, 47 Y
Flatworm 57 '
L.ugworm 26, 27, 50
Parchment 29
Zonntlon 18, 26, 30, 32, 50, 51
logplanktun 7,8, 15
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Index to Sucnuﬁc ames

[ N
- .
AL 4

Adinenphuserinmy 03 )  Lerehra distocatia 42 -
Amieh 63 P hais haemastoma 44 ' . - : ﬁl
Anabiens 60 Sl 2v ' . .
Buesycon contrariom 43, 44 ) o Valvor 60, ol - : Ry
spiratiom 43, 44 " Vorticelln 62 Y . .
: canaliculatron 45 C ygnema 60 ’ .- ’ - ‘
’ Callinechs 29 \ o ' . , -
' Ceratiton © ' ' :
Chactopterus 29, ' " AR
Chilomonas 61
Chlamylomoms 60 "
Closterium 60 ‘ v ' . .
- Codonderidron 61 . T ' _ s e . .
‘ Collodictyon’ 61+ i ' ' S L '
Coloponema o1 o ‘ o - '
Colpdus 62
Cosmuritem 60 _ . :
Crepidula fornicata 43 o e R : PR
Difflugia 63 S L C A
Donax 26, 27, 50 C S
Emerita 27 ) I o . ' o] . -3
Ensis minor 43 SRR . 4 . :
Euglena 62 ' C . 2 . : R '
Glenodinium 9 : L : : , : )
Glycera 29 ‘ i : ‘ ] ' ‘ ) '
Gonynulax 9 R : . :
l‘{nlh'n‘u 61 e o . . . / : )
Littorina irrorata 43 ' . ' . C )
Melampus bidentatus 41 v é ' . R
* Mnippe 29 . B . E . o .y
Mercenaria compechiensis 43 - ' - ‘ ' '
Nassarius vibex 41 - 7 . _
" Nyctotherus 62 ' . o . 3
: Ocypoide 29 ’ -
Oliva sayana 41
OsgiMatoria 60

Pamdorina 61 . - o . 4 : . y
Paramecium 53, 54, 63 ‘ . L ‘ J R &
Peridinium 9 - S - . S

T Phacus 60 'Vh{l ' T

Pinnularia 60
" Polinices duplicata 43
e L’alyqym albolabris 41 : _ @
:‘T, ST Sesitrmif 29 : :
- Rattulus 62 : .
Spmhnq ulhrmﬂar 28, 30 .
Smrggym 50 v}«
. ', S;ilrasfmww
Lt St . . | : .
Stentor 63 I S ‘ R . . . :
Stigeoclonium 60 » . Lo ’ ' o . .
" Stylonchia 61 ‘ IR
Synura 61 . . . o ] ‘
Tagelus 29 =~ » v 4 ) . e
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